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World War II brought forth the necessity for a more thorough study
of obtaining topographic maps using aerial photographs in conjunction
with accurate ground control. Attention has now been focused not only
on the mil!tary use of topographic maps made with the aid of aerial photo-
graphs, but also on their use for other engineering purposes. The
Un!ted States Geological Survey has paved the WB.Y' ahead by initiating
the public in becoming map conscious. Their methods of obtaining ground
control and their mapping proo~ure has started a development in the
field of aerial photography.
The "Abrams Instrument Oompa.ny" and the ....Aero Photographic Mapping
Campa.Ily'" are establishing themselves as the first agencies, outside ot
the govermnent, to obtain topographic maps with the aid of aerial
photographs. They too are using ground control surveys to obtain con-
trol for their topographic maps.
This thesis was undertaken to ascertain the feasibility of incorporat-
ing the United States Geological Survey methods of surveyiDg and computing
into a course of study in the Civil Engineering curriculum.
It haa been the author I a opinion that a course of study could be
t ndered, as a detinite project, which incorporates fundamental survey-
ing and advanced surveYing. The author t s planned course of study W'8.S
method of third order transit traverse survey streamlining the method
used by the United States Geological Survey. The time element and
weather were the essential factors in the planning. In the advanced
surveying course there are eighteen weeks of three hour laboratory
2periods of which two-thirds are to be allocated for obtaining field
data and one-third are to be allocated for computing and compiling the
field data. The students were presented with the planned cours. of
study which they were to follow and at the completion ot their project
they were required to turn in a copy of their field ork and computations.
The copy of the studente project is entered in this thesis and there
follows a description, by the author, of each phase of their work. The
course of study has been developed particularly to furnish suitable c n-
trol for topographic mapping but can also be used for other engineering
purposes.
Transit traverse surveys now are more frequently used to control
photo-compilation than to control directly the planetable field work
of topographic mapping. In order to tully appreciate the need and
value ot obtaining control for t0f-,ographic mapping, one must thi~ ot
himself as being flown over the area viewing the terrain. One may read-
ily understand and recognize the need for a controlled traverse survey
to nep the area topographically when one has attained the aerial view
point.
During the past decade the trend. of topographic mapping hall been
strongly toward the use of larger scale waps and more careful plottini
of greater topographic detail. This has made it necesaary to increase
the precision of the control surveys and to increase the density in the
distribution ot the located points. The use of photographs and ground
control has moved so rapidly that revision ot older control method. and
additions a8 well a8 methods ot control bave had to incorporate in the
field and computing office.
3The purpose of the third order transit-traverse surveys is to
determine the position of points on the ground to be used as reference
points for more det iled surveys. Third order accuracy is ~SOOO from
which the Maximum position check can be computed for any line or circuit.
A line of transit traverse consist. of a continuous series of straight
courses, the length of each oourse being measured with a ateel tape,
and the angles between them measured with a transit. The measured angles,
and frequent observations upon the north star (Polaris), provide the
means of determining the bearings of all courses; with the lengths and
bearings of the courses known, the incre~ or decrease in latitude and
in longitude may be computed for succeesive parts of the line. Then,
if the line originates from a known position, the positions of all points
established by the line become known.
The separate map units prepared by the Geological Survey represent
quadrangles or areas bounded by parallels of latitude and meridians of
longitUde spaced at prescribed intervals. A traverse provides plainly
marked or defined points whose positions, computed in terms of latitude
and longitude, are directly related to the invisible meridians and
parallels, so that it i. possible to refer the mapping correctly to the
geographic reterence system.
ny control points are established within an area to be mapped;
and their relative positions determined. Thus they constitute a strong
framework from which tran.it traverse surveys may originate, or be ex-
panded. From these surveys topographic maps may be accurately plotted
with respect to the prescribed boundaries ot the quadrangle unit. Then
no discrepancies or distortions will appear when parts ot the map are
assembled or when adjacent units are joined.
4During recent years the Geological Survey has covered about six
thousand linear miles of transit traverse annually. Approximately
t nty-five perc nt of the area of the Un!ted States has been covered
by nets of transit traverse lines. Many of the marks that were
established on the older lines have been destroyed or lost, but enough
of them remain throughout most of the travers nets so that th 8e
surveys genereJ.ly are still available and can be used for control.
The method and procedur of the planned course of tudy set forth
in this thesis will discuss the improvements that have be n developed
and used by the Geological Survey to insure greater accuracy and con-
trol of the traverse line.
PART I
TAPII«!
In Surveying, measurement of distance with a steel tape is that
part of traverse work most vulnerable to inaccuracies and errors, and
the care with whioh the taping is done usually determines the accuracy
of the entire traverse. The method used in third order work is to hold
the tape horizontal, using plumb bobs on a slope to project tape leDg 8
or sections to th ground. This is call d "br aldng tapeD. For third
order taping, th error of m asurement must not exce d on foot for
each fi.,.. thousand f, t measured. In a taping party there are two
t en, a front tapeman, and a rear tapeman.
(a) Field Equip! nt
The following list of equipnent repres nts the usual. requirements
for parties doing third order taping. The quantities needed for each
item have been indicated in two columns, the first for parties of the
cour of study based on the Geological Survey, and the second for

























lao-toot steel tape, standardized.
Range rod.
Taping p1um.b bobs.























A. "transit tation" i8 one of the sucoessive points in the traverse
wh re the in trument is set up and th angular change in dir ction be-
tween courses is measured. The front tapeman selects the location for
the stations and. in doing eo has an opportunity to exercise good or poor
judgment that will re at to advance or delay the work of the traverse
party. He s lects points over which the in trum nt may be set ea8i13',
out of the va,y ot trarfic; they must be visible from the pr ceding station
and should otf r a clear sight forward. Obstructions interfering with
th visibility of the bottom of the range rod from either station should
be a.voided to forestall errors in the angl measurem nts.
The transit ,tations, for the course of study, ar plainly marked
by ten t1l\Y nails driven into the ground or by keel marks on the ve-
ment 80 that the rodman or instrumentman will not be confused as to
their exact loeation. A.teach station a paper showing the number of
the station and the measured distance from the preceding station must
b lett by the tapemen. Where the station is marked with a nail the
station paper should be folded over at one Ild or corner and the nail
pushed through the double thicknes so as not to mutilate tb written
figure. Wher the station is marked in some other way, the station
7/------..0 -----.0
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8paper should be weighted down with a rock and left near the station.
The tapeman should leave some conspicuous obj ct at the station to d1r ct
the rodman and instrumentman to the station. Wh n station are to be re-
cover d later for tying new lines, for delayed azimuth observations
(Polaris), or for beginning the field work at the next laboratory period,
the stations should be well marked to pr nt their being lost. If the
stations are on a dirt road or ground, they should be placed on 'WOoden
hubs driven below the surrounding ground surface and refer need as
shown in figure 1.
The transit stations in general survey practic are plai~ mar~ d
by a transit taok driven into wooden hub which in turn is driven
flush vith the surface of the ground. When the stations are on a dirt
road or asphalt road, they are marked with a nail driven into the road.
Th station number may be marked with keel, on a lath which is driven
into the groUIld near th station, or on a permanent object near the
station. Eaoh station is referenoed s shown in figure 1.
MaD;Y supplementary points for th u e of subsequent topographic
surveys are located by the traverse party. These points are tied in as
"plus lt stations along a course, or a.s "offsets" fr the plus stations.
The different thods used are sho'Wn in figures 2 and ,3. The ta en
measure the di tance along the oourses to them, so that their positions
may be determin d by computation.
For the cours of study, each distance, with a de cr1ption
sufficient to identity the point to which it was m sured, is recorded
in the ta n t s field book as shown in figure 4. Each point is marksd
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can check the distance by stadia and write a ccmplete description of
the plus point, which will be discussed later in transit work.
For the general survey practice the plus stations are entered into
the taping book as stations, and the offsets are sketched directly
opposi te the station as shown in figure 2,. To obtain the ofrs t direo-
tions the transit must be set up at th referenc atations and the
angles read, which is time consuming. To insure accuracy required of
taping, ach course must be double taped and the mean, when within the
allowable limits, used as the distance of the cours •
(c) Measurements
The alignment of the tape during m asurements 18 the sam for the
course of study and the gen ral survey practice. This is done by the
tapemen themselves without the help of the transitman except in unusual
circumstances. The front tapeman selects some easily visible object
ahead, usually a range rod, and the rear tapeman lines him in with it,
by eye, at each break of the tape.
The tension on the tape, to take out the sag, should be ten pounds
when the tape is fully supported on the ground and increased to twenty
pounds when the tape is suspended in the air at one end for pI bi:cg.
In the course of study a thirty pound spriDg balance is fastened to
the front end of the tape am used to maintain the proper tension when
all measurements are being made, as shown in tigure 6. In the 'neral
survey pr ctice a spring balance is not used, but the front tapeman
relies on experi nce as to the amount of PUll he must use in order to
obtain the proper tension for all asure nts.
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Temperaturl9 readings, to be used for determining temperature oorrec-
tions to be applied to the measured distances, are taken in both the
course of study and the general survey practice, but differ in some
respect. For the former, the temperature is taken while the courses
are being taped and every feW' degrees of change in temper'ature is re-
corded. The temperature is taken by the transitman, instead. of the
tapemen, unless he is a long way behind, at which time the tapemen take
the reading. For the latter the temperature is read at the beginning
and end of the day's work and l!l me8J:l taken of the readings which is
used for the corr ctions. More often than not the temperature read-
ings taken are not in the vicinity of the courses taped, vh1.ch 11111
result in errors in the computation of the temperature correotion.
(d) Procedure
In the course of study the front tapeman selects and points out
to the rear tapeman the line f'or the courses; lets out the tape to its
limit, tbe entire length if' th terrain is level or the li.mi'c allowed
by the slope of the gI'ound; uses his hand level to determine the 1l18C8Ssary
height to plumb when taping down grade or to check the height t.o which
the rear tapeman will plumb when taping up grade; while taping in-
tains the proper tension on the tape by means of the spriJ'l..g balance;
marks the point taped to by sticking into the grown a taping pin,
marking the road or object with mel or driving a nail into the road;
am h should 1e YIII a taping pin at each taped point, enn if' the point
is marked with keel or a ten penny mil. The rear tapeman pllts the
front t.apeman on line along tbe course; checks his end of the t pe
13
for the one hundred foot mark, since the front tapeman should be holding
the zero end of the tape; as eaih point is taped, as shown in figure 7.,
he recovers the taping pins that the front tapeman placed at each taped
distance; at the end of the course he counts the taping pins he has
recovered, and the number should correspond to the number of break
in the measured course; when taping up grade he uses hi s hand level to
determine the necessary height to plumb; for ch :measured length he
calls the foot marker he is holding to the front tapeman 80 that both
tapeman can reoord each taped distanoe in their taping field books.
Both tape:men keep independent records of the taped distances in
seperate taping field books as illustrated in figure 4. On th lett
haM page is included the date, the transit-travers number, the total
distance, and the distance from station to station. On the right ham
page is included a brief description of the line taped, a brief descriJ>-
tion identifYing alW plus points located along the indicated cours ,
and the accumulated distances to eaoh of these points. The transit
station numbers and an identification are recorded also for a.u.r perman-
ent stations that are located or tied to by the traverse. ctual
offset distances are measur by the tr8Jl8it party, which will be dis-
cus ad later. At th end of the oourse each tapeman adds the taped
columns and copies the total in the proper place on the lett hand page
before compari B results vith tho e of th other tapeman. When the
~ results do ~ agree, the cours mu t be retaped. No erasures are
permitted in the taping field books.
When the plus points are reaohed, the ta n add the accumulated
taped lengths in their taping field books and encircle the subtotal to
14
show that it is the distance to the plus station. This condition is
illustrated at station 1 ~ 354 in figure 4.
A description of the traverse is typed in the form as illustrated
in figure 6. The description is then available for both the transit
and taping parties. In this way the transit party need not depend on
the taping party to finish taping before they begin their wrk, and
the traversing then can be accomplished in a minimum period of time.
In the general survey practice the duties of the front and rear
tapemen, in some instances, are the same as that practiced in the course
of study. The front and rear tapemen do not use hand levels so must
rely on their judgment, eyes, and sense of leveling to project the tape
horizontally when plumbing on an up grade or down grad. Taping pins
are left at each one-hundred foot taped distance rath r than at e ch
taped point. The number of taping pins recovered by the rear tapeman
is the number of one hundred foot tape lengths for the course measured.
That portion of the measured course less than one hundred feet is measured
at the end of the course. The taped distance for each course is recorded
in the taping field book as sho'WD in figure 5. The tapem n have but one
field book and all work is entered therein. On the left hand page is
included the description of th line taped, stations of the course
taped, the first measured di tanc of the course, the second measured
distanc of the cours , and th mean of the first and secoId me sured
distances of the cour On the right haM J:Xige is includ d the dat ,
weather, temperature, party, and a sketch of the traverse taped with
the measured offsets. The courses e taped twice so that aqy dis-
cr pancies in taping may be foUIJd. If a discrepancy, which is not
within the allowable, is encountered betveen the two taped distances
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Beginning at M.S.M. bench mark E, approximately 100 feet South of
the East side of Norwood Hall, proceed westerly, approximately 300
feet, to M.S.M. bench mark A, approximately 50 feet North of the inter-
section of Main and West Twelfth Streets. Thence in a southerly direc-
tion on Main street, approximately 300 feet, to the intersection of
Main and West Eleventh streets. Thence in a westerly direction, along
Eleventh Street, approximately 2500 fe t, to permanent point, Pin B,
an iron pin, located on the southeast corner of the intersection of
Poole and Eleventh Streets.
Fram Pin B, proceed in a southerly direction, approximately' .300
fe t to West Tenth Street, thence in a westerly direction alo Tenth
Street, approximately 2000 feet, to permanent point, Pin C, and iron
pin on the north side of Tenth Street.
From Pin C, proceed in a 'Ii terly direction to th intersection
of T nth street and Fairground Road. Thence in a southerly direction,
along Fairground Road approximately laOO feet to permanent point,
Pin D, an iron pin, at the entrance to U. S. Forest Service H adquarters.
From Pin D, proceed in a south rly direction along Fairground
Road approximately 1500 fe t to permanent point, Pin E, an iron pin,
on northwest corner of inter etion of Fairground Road and U.S. Highvay
66, the end of th traver e.
FIGURE 6
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of a course, the course DlUst be retaped. A mean of the two taped
distances, that is within the a.llowable limits, is recorded on the
left hand page of the taping field book. Plus stations are used as
stations along the traverse and the offsets are measured from these
stations, these offsets are sketched on the right hand page of the field




The engineer's transit is an instrument designed primarily for
measuring horizontal and vertical angles. The change in direction of
the traverse at successive stations is measur d by reading horizontal
angles with the tranait. There are four common 'WaYs of measuring
traverse angles; by measuring the angl the right, by measuring
the interior angle, by measuring the deflection angle, or by sur-
ing azimuth. The method of measuring angles of a tra ree, discu sed
in this thesis, is by measuring th den ction angles. Third order
accuracy requires that the mean of the den etion angles should not
exc eel 30 s conds 0 angular differ nc. In the transit party there
are two rodmen, a recorder, and an instrumentman. Th obi f of the
party may be either the recorder or instrumentma.n.
(a) Field Eguipnent
The following list of equipnent represents the usual require-
ments for parties doing third order transit work. Th quantities
ne d d for each i tam have been indicated in two columns, the first
for the parties of th oours of study based on Geological Survey,












































A d fl ction angle is the angl between the backaight produced
by reversing (plunging) the telescope of the transit and the forw.rd
traverse line, s illustrated in figure 7. A single m surement of
this angle would be seriously affeoted by an:r error in the adjustment
of the line of sight or of the standards. Cons quently, it is n c sS&17
to "double" th d flection angle to limina.te such rror of adjustment.
Best pr otice therefore requires making the first backsight with the
telescope in the direot position so that when the second (latter) fore-
sight is taken the telescope vill again be in the dir at position,
and hence conveni ntly ready to carry on the survey.
(c) Measurements
The me surements of the deflection angles in the course of study
is based on the method u d by the Geological Sur y. Th transit i
set up and 1 veled over a station, both the A and B verniers are ch eked
with a reading glass, ani a sight is mad on a rod held on the pr noua
station by the r ar rodman, using the 10 r motion of the transit to
get on line. The t leacope is reversed (plUDged) to extend the line





















Station No. Stadia Vernier Vernier Mean Den. Azimuth Dist. Temp.
Dist. A B Angle (ft.) of
Instrument on station B.M. A, backsight on B.M. E for Azimuth observation
by observation 2670 42' 19"
B.M. A 00 00' 00" 1800 00' 00" 0° 00' 00"
sta. 0 91 57 00 271 57 00 91 57 00 910 57' 00
183 55 00 3 55 00 183 55 00 91 58 00
385 0+- 91 57 30 359 39 49 384.70 73
Sta. III 183 55 00 3 55 00 183 55 00
276 06 00 96 06 00 276 06 00 92 11 00
8 18 00 188 18 00 8 18 00 92 12 00
270 ... 92 11 30 91 51 19 269.60
Station 1-354 and 25 feet West, Intersection of
11th and Main Streets.
Sta. #2 8 18 00 188 18 00 8 18 00
5 4B 00 185 48 00 5 48 00 2 30 00
3 19 00 183 19 00 3 19 00 2 29 00
330
-
2 29 30 89 21 49 328.90 70
sta. #3 3 19 00 183 19 00 3 19 00
5 39 00 185 39 00 5 39 00 2 20 00
7 59 00 187 59 00 7 59 00 2 20 00
386 + 2 20 00 91 41- 49 385.20
Page Check 2/ 7 59 00
3 59 30
Observed Azimuth 267 42 19
271 41 19 I ~
180 00 00
FIDURE 8
91 41 19 good check
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angle is turned to the point on the neW' station, using the upper motion
to get on line. When the sight is fixed on the new station, both A
and B verniers are read to obtain the angle. The difference betwen
the reading obtained and the initial reading, which was. on the verniers,
is the deflection angle. The lowr motion is then released, and with
the telescope in the reversed position, the transit is rotated until
the telescope points to the previous station. The process is again
repeated and the second, or "double" defleotion angl is obtained. The
second defl ction angle serves as a check on the first. The m an of th
first and second. deflection angle is the angle that is used in the com-
putations. Also the mean is used in order to eliminate errors due to
imperfect adjustments of the transit. If the results obtained .from the
two readings differ by mor than 30 seconds of angle, the angl s are
r peated. If the two sets of two readings frequ ntly differ by more
than 30 seconds, the adjustments of the transit are tested. Both
verniers of the transit are always read and the B verDier read without
prejudic. Opposite vernier readings, A and B, should not be recorded
as ending with the same mimltes and seconds unless they actually read
that way; both must be read ear fully and eaah reading should be recorded
to th nearest division of the vernier to eliminate eccentricity errors
in the horizontal circle graduations.
The asurements of the def'lection angl for the general survey
practice differs in some respeot wi.th that of the cour e of tudy. The
tran it is set up and leveled over a s tion, the A verDier is checked
with a r ading glass, and a sight is made on a range rod held on the
backsight station by the rear rodman. The procedure of handling the
23
trans!t to obtain the deflection angles is similar in the tw methods.
When the sight is on the next station only the A. vernier 1s read in
order to obtain the deflection angle. The mean deflection angle is
recorded in the notebook as R or L to indioate whether the telescope
was turned to the right (clockwise) or to the left (counterclockwise)
in measuring the deflection angle. Since the A vernier is the onlJ
vernier read, the ecoentric!ty error 1n the horizontal circle gradua-
tions is not eliminated. The 30 second allowable error diff r nee of
the two respective d fleotion angles, previously discussed, is so
requir d in general survey practice.
(d) Proc \iura
For the course of study the transit is t up and 1 v led 0 r
station 0 of the line. An illustration of the transit notes is shown
in figur 8. Then with the telescope of the transit in the direct
po ition the rnier A is set on zero, a backsight is taken on station
B. M. "En, and the deflection angle to station I is measured by the
method previously describ d. Next the stadia distance f'rom 8 tion 0
to station I is read on th level rod, held on station I by the front
rodman. The stadia distanc read is recorded in the stadia distanc
column of the transit field book. Having completed the angle measure-
ment and stadia r ading , the lower motion of the trans!t is tly
loosened nd the transit is moved ahead. Wb n the transit 1 carried
f'rom one station to the next, th upper otion is kept clamped, retain-
ing the last vernier r ad ngs undisturbed. The 10 r motion should be
clamped slightly 80 that the instrument cannot swing tr ly ani cause
needless wear on the centers, but it should be loose enough to permit
the instrument to turn if it should receive an aooidental blow. After
the transit has been set up at the next station, both the! and B ver-
niers are read to verity that the readings have not changed by slipJ:6ge
of the verniers. If the verniers still read the same, the readings are
recorded in the transit field book as the io1t1a1 r adings qf the
verniers at the new station. This method provides a useful oheck for
the accuracy of the notes on each page and permits easy computation of
an azimuth at any station. At each station a slip of paper, giving
the taped distance, will be found. This taped distance between stations
should agree closely with the stadia r adings, if the two do not agree
the tapemen are reoal1 d and the course retaped, if the two do agr e
the taped distance is th n recorded in the taped distance column of
the field book. Then each station, in turn, throughout the line is
occupi d by the instrument-party and the procedure repeated.
The offset distances (located points not exactly on the tr verse
line but near enough to be tied in by two measured coordinates) are
m asured by the transit }:arty, in true north-south and east-west
direction. Offset distances are not estimated or paced, but are
measur d accurately with a 100-foot steel tape.
temperature reading to correct the ta d measurements is taken
by the instrum ntman. The temperatur is recorded in the transit field
book at the top of each page as illustrated in figure 8. To give the
thermometer as much tim as possible to become adjusted to the temper-
atur of the air, the temperature reading is made just b fore proceeding
to the next transit st tion. Corrections for temperature are appli d
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during the computation of the traverse.
For the general. survey practice transit work the transit is set
up and leveled over station B of the line, am the rear rodpJan gives
the instrumentman the line of sight by holding the range rod on station
A. The front rodman gives the instrumentman the line of sight by hold-
ing the range rod on etation C. In this way, using the general method
of obtaining deflection angles as previously explained, the angles are
read and the mean deflection angle is recorded in the notebook as
illustrated in figure 9. The A vernier is usually set on zero before
th defleotion angles are measured and again set on zero before the
transit is mov d to the next station. At the next station the
vernier is checked to make sure the reading is still zero, th n the
procedur for- obtaining the deflection angl s is repeated. Since the
t ping party double tape the oourse the stadia distanoes betveen the
stations are not taken. In moving the transit from station to station
the procedure followed is the same as that used in the course of study.
The off t distances are mea.sur d by the tapemen as previously
discuss d. The angles from the travers line to the offset points are
m asured vith the transit and r corded on the sketch on the right hand
pag. of the tramsit field boo as illustrated in figure 9.
The temperature readings are taken and recorded in the taping
field book by the tapemen as previously explained.
(e) Recordip.K
For both, the course of tudy and the general survey practic ,
the field books should repr sent the original records, the notes should
FROM t'~'( R.R. To CAMDEt'( 5TRE.ET
( B~ DClfl(lc~,on Angl£5)
Oct. .31, \94-8
clear, coo\
Part~ N ~ 2..
M. B. Lyons ;t
C. F. No~ (£5 /J:)
T. A. Barr 4>
5ta. Dl~t. Cal .....,Baa r.
280.031 2°45'R I S {j0





















be entered directly in the field books, they never should be placed on
separate pieces of paper to be copied in the field books at a later
date. Traversmen should not practice their favorite individual varia.-
tions from the standard methods prescribed for doing the field work
and recording the notes. The complete notes are kept by the recorder.
The notes must be printed in a plain, neat band vith a 4 H pencil.
The notes should not be crowded alB paper is cheap, and the dat.a will
be easier to follow by' the computer. single straight line must be
drawn through erroneous records, which must never be erased. Th
headings at the top of each t:ag must be filled in, and the first dq
a new notebook is used the t,itle page should be filled in.
The sample notes of tigur 10 are taken from a class probl in
the course of study, am explained by steps.
(1) A bri4!1t dt~scription of the course, which is the starting azimuth
of the line, should be recorded at the beginning of the line as such:
The traverse starts at the U. S. G. S. bench mark - Azimuth stone
marked 1946, described as follows: stone - Phelps County, Rolla
Missouri, Campus of the Missouri School of Mines. South t corner of
Athletio field, inside cinder t.rack; about 80 feet XlOrtheast of Kappa
Alpha Fraternity House, directly behind and north of Harris Hall.
Azimuth to Triangulat,ion station, M. S. M. - 2, stalildard tablet on
parki.ng lot at Dormitory A.
(2) A brief notation of the station that is occupied and the station
used as the backsight to obtain the starting azimuth.
Instrument on station 0 - U. S. G. S. bench mark (see description
for location) back ight on triangulation station.
Traverse starts from U.S.G.S. Bench Mark-Azimuth Stone marked 1946, described as follows: Stone - Phelps
County, Rolla, Missouri. Campus of Missouri School of Mines, Southwest corner of Athletic field, inside cimer
track, about SO feet northeast of Kappa Alpha Fraternity House, directly behind the and north of Harris Hall.
Azimuth to Triangulation station, M.S.M.-2, standard tablet on parking lot at Dormitory A.
Station No. Stadia Vernier Vernier Mean Den. Azimuth Dist. Temp.
Diet, A B' Mgle (ft.) OF
Instrument on Station 0 • U.S.G.S. Bench Mark (see description for location)
backsight on Triangulation station for Azimuth observation.
by observation 360 05 1 41"
B. M. 000 00' 00" 1SOo 00' 00" 000 00' 00·
Sta. /10 41 47 00 221 47 00 41 47 00 410 47' 00·
83 34 00 263 34 00 83 34 00 41 47 00
194 + 41 47 00 770 52' 41" 193.10 44
Sta. III 83 34 00 263 34 00 83 34 00
95 08 00 'Zl5 08 00 95 08 00 11 34 00
106 42 00 286 42 00 106 42 00 11 34 00
397 + 11 34 00 890 26' 41" 395.03 40
Sta. 112 106 42 00 286 42 00 106 42 00
105 03 00 285 03 00 105 03 00 1 39 00
103 24- 00 283 24 00 103 24 00 1 39 00
1090
-
1 39 00 870 47' 41" 1090.50 42
Station 2 and 20 feet South and 34 feet West, Inter-
Section of Highway 1166 and 14th street.
sta. 113 103 24- 00 283 24- 00 103 24 00
J.06 13 00 286 13 00 106 13 00 2 49 00
109 OJ. 00 289 02 00 109 01 30 2 4S 30
2320 + 2 48 45 900 36' 26" 2318.40 €J:J
Page Check 2/ 109 01 30




station No. Stadia Vernier Vernier Mean Defl. Azimuth Diet. Temp.
Diet. A B Angle (ft.) of
Carried over Azimuth from last page 9(15 36' 26"
Sta. #4 109°01' 00" 2890 02' 00" 109001' 30"
Pin #2 16112 00 341 13 00 161 12 30 5Z:> 11' 00"
213 24 00 33 23 00 213 23 30 52 11 00
460 + 52 11 00 14'2?47 , 26" 459.50 60
142 47 09 by observation
Sta. #5 21324 00 33 23 00 213 23 30
215 58 00 35 58 00 215 58 00 2 34 30
218 33 00 38 33 00 218 33 00 2 35 00
450 + 2 34 45 145 21 54 451.10 60
Sta. #6 218 33 00 38 33 00 218 33 00
215 50 00 35 50 00 215 50 00 2 43 00
213 06 00 33 07 00 213 06 30, 2 43 30
1306 - 2 43 15 142 38 39 1304.22
Sta. If7 213 06 00 33 07 00 213 06 30
Pin #3 :2l4 25 00 34 25 00 214 25 00 1 18~ 30
21544 00 35 44 00 21544 00 1 19 00
955 t 1 18 45 143 57 24 954.96
sta. #8 215 44 00 35 44 00 215 44 00
218 16 00 38 16 00 218 16 00 2 32 00
22048 00 40 47 00 220 47 30 2 31 30
1146 + 2 31 45 146 29 09 1147.00 60
14629 40 by observation
r
Sta. 119
Pin #4 END OF LINE
Page Check 2/ 220 47 30
110 23 45
Observed Azimuth 36 05 41
146 29 26 l\.)Correction from 2nd Azimuth
-17 \,C)




(3) The starting azimuth should be recorded, in this example, it was
ob_ined by an observation on Polaris and found. to be 360 05' 41".
(4) The A. vernier is set on ocP 00' 00", then the B vernier is read and
both readings are recorded in their respective columns in the field book.
The A and B verniers are read, and their respective deflection angles












(5) The level rod that is held by the front rodman on station 1, is
read am recorded in the stadia distance column of the field book. The
stadia distance read for the example was 194 f et. If there is a
differenc in 1 vation betw n the two stations when th stadia dis-
tanoe is to be obtained, the vertic angle as well as the stadia
interval must be read. Then using the stadia reduction tables of
Table 1, the horizont distance is computed and the value obtained
is entered in the stadia distance column.
(6) The mean deflection angles are obtained from the d flection angles
of (5), by ta.ldng the mean of the A and B vernier readings atter 180








(7) The mean of the mean deflection angles is then obtained by taking
the differ nee between the first deflection angle and the initial read-
ing of step (6), taking the dift renee between the doubled deflection
STADIA REDUCTIONS
Horicontal Correotion. Per 100 Fe t
V.A. Corr. V.A. Corr. V.I.. Corr.
O· 00' 0.00 lr 00' 8.5, 32- 00' 28.08
.50 0.01 30 9.0 15 28.47
1 00 0.0; 18 00 9.55 30 28.87
.50 0.07 .50 10.07 45 29 .27
2 00 0.12 19 00 10.60 33 00 29.66
30 0.19 30 11.14 15 30.06
3 00 0.27 20 00 ll.~ 30 30.46
30 0.31 30 12.26 45 30.87
4 00 0.49 21 00 12.84 34 00 31.27
30 0.62 30 13.43 15 31.67
5 00 0.76 22 00 14.03 30 32.08
30 0.92 30 14.64 45 32.49
6 00 1.09 23 00 15.27 35 00 32.90
30 1.26 0 15. 0 15 33.31
7 00 1.49 24 00 16.54 30 33.12
30 1.11 30 17.20 45 34.14
8 00 1.94 25 00 11.86 36 00 34.55
30 2.18 30 18.53 15 34.97
9 00 2."4 26 00 19.22 30 35.38
30 2.72 30 19.91 45 35.80
10 00 3.01 21 00 20. 1 37 00 36.22
30 3.32 30 21.32 15 36.64
11 00 3.64 28 00 22.04 30 37.06
30 .97 30 22.77 45 37.48
12 00 4.32 29 00 23.50 38 00 37.,,0
30 4. 30 24.25 15 38.33
13 00 5.06 30 00 25.00 30 38.75
30 5.45 15 25.38 5 39.18
14 00 5.85 30 25.76 3 00 39.60
30 6.27 45 26.14 15 40.03
15 00 6.70 31 00 26.53 ;0 40.4
30 1.14 15 26.91 5 0.89
1 00 7. 30 27 .30 40 00 41.32




angle and the first deflection angle of step (6), then record their
respective values in the deflection angle column. These two values are
then combined and divided by tw. The value obtained is the final de-
flection angle which is used in obtaining the azimuth of the course




41 47 00 Final deflection angle
(8) The final deflection angle value is applied algebraieally to the
azimuth of the previous course, in this case to the azimuth of the
starting line, in order to obtain the azimuth of the course ahead.
When the angle values in the mean column, as in step (6), increase,
reading down the column; the final deflection angle is positive and
therefore added to the azimuth of the previous course. Wh n the angle
values 1n the mean column, decrease, r ading dow the column, the final
deflection ang1 is negative and therefore subtracted from the azimuth







Azimnth from station 0 to station 1
(9) The temperature is read ~ recorded in the temperature column.
Then the traI1S1t is moved to th n xt station.
(10) At the next station, which is station 1 in the example, the slip
of paper, with the penciled taped distance, is read by the transitman.
If the taped distance and the stadia distance of the course agree c10 1y
the taped distance is then recorded in the distance column. In the
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example the two readings agreed and the taped distance recorded was 193.10
feet. If the readings do not agree, the stadia distance of the previous
course is reread from the next station. Then, if the taped distance and
stadia distance still do not agree, the tapemen are recalled and the
course retaped.
(11) The in!tial vernier readings for station 1 are the values of the
doubled deflection angle readings of verniers A and B obtained at station
O. When the transit is moved from station to station the upper motion
remains clamped, am the final angle readings from the previous station
remain on the horizontal circle.
station Vernier A Vernier B Mean
0 000 00' 00" 1800 00' 00" 000 00 t 00"
41 47 00 221 47 00 41 47 00
83 34 00 263 34 00 83 34 00
1 83 34 00 263 34 00 83 34 00
(12) Each station along the traverse is occupied, in turn, throughout
th line, am treated in the same manner as just explained. The only
variance from the explained procedure arises at plus stations, offset
points, and Polaris observation stations.
(13) t station 2 ther is an offset point. The point should be des-
cribed. 0 that it may be located on a map or photograph. The offset
distance must be recorded in true north-south and east-vest directions,
and the data recorded on the same page as its reference station as
such:
station 2 and 20 feet South and 34 feet West, Intersection of
HighW81' 66 and 14th Street.
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(14) Not shown on figure 10, but may be found on figure 8 is a plus
station with the offset point described. In this instance, a deserip-
tion of a plus station should alwyas be recorded on the same page as
the station and deflection angles of the station. Otherwise, the com-
putor would compute the line through to the next station before becoming
aware of the existence of the offset point.
Station 1 ~ 354 and 25 feet West, Intersection of 11th and
Main Streets.
(15) The last azimuth value of each page is carried forward to the top
of the next page of the field book and used as the starting azimuth for
that page. The last azimuth on each page is checked by applying the
observed azimuth to one-half of the last mean den ction angle in the
an column. The azimuth then should equal the last azimuth in the
azimuth column of the page. This is called the page check. If the
azimuths do not agree, the entire page should be checked for erroneous
values. If they do agree, the wrk throughout the page may be assumed
to be correct and the traverse continued.
Mean Detl.
Angle
1030 24 1 00"
106 13 00 20 49' 00"






2/ 109° all 30"
54 30 45
36 05 41
90° 36 1 26"
(16) Values for observed astronomic azimuths are entered in the azimuth
column directly under the azimuth of the course used for the observa-
tion, and a note added to the effect that the azimuth was observed.
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The difference between the azimuth carried forward by applying the
final deflection angle to the azimuth of the previous course and the
azimuth obtained from an observation on Polaris, is a combination of
the accumulated instrwnental error and the change in azimuth due to the
convergence of meridians. As a check on the accuracy of the instrumental
work between two points where the azimuths have been observed, the re-
corder should app~ the correction for convergence and obtain the accum-
ulated instrumental error. For third order work this error should never









Difference for the fiva stations, therefore
the work is wi thin the allowable.
Figure 9, illustrates one method of recording transit notes for
general survey practice and following is a step by step explanation..
(1) The distances of each course is obtained from the tapeman or the
tapeman's notebook, and entered in the distance column.
(2) t station A, the starting station, the transit is sat up to
turn the angle to the intersection of Spruce Street and the Railroad,
which is an offset point. The angle measured is entered on the sketch
on the right hand J:8ge.
(3) The sketch of the traverse is drawn on the right hand ~e.
Enough data should be included in the sketch so that the traverse may
be recovered at a later date, and should include the stations that
were measured and entered on the left hand page. The distances from the
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traverse stations to the offset points are obtained from the tapeman' s
field book and entered on the sketch.
(4) The transit is set up at station B and a backsight taken on station
A, while the sight is taken the compass needle is released and the re-
verse bearing of course BA is read and record d in the observed bearing
column of course AB.
(5) While set up at station B the deflection angle to station C is
measured tvice. One-half the doubled deflection angle is entered in
the left hand page in the defleotion angle column. The direction,
whether turned right or left, is entered with the value of the deflec-
tion angle measured. The bearing of course Be is observed when the
sight is on station 0, and the bearing entered in the observed bearing
column.
(6) Each station, in turn, along the traverse is occupied, their
deflection angles measured, their observed bearings to the next
station read, and their values entered in the field book.
As noted, the magnetic observed bearing is used as a rough check
for the computed bearinr s. The check is indeed rough since the magnetic
needle of the compass may be in error due to nearness of buildings,
railroad tracks, transmission lines, etc., which will tend to pull
the needle off its true course. The calculated bearings are computed
from the deflection angles attar the bearing of the first course bas
been obtained by an astronomic observation on the sun or Polaris. The




Azimuths may be obtained at most of the triangulation stations
established b', the U. S. Coast and Geodetic Survey. At ea.ch triangu-
lation station an azimuth mark is established "'hich is supposed to be
visible from the ground at the station mark. Sometimes, usually due
to grovth of vegetation, an azimuth mark v.i.ll not be visible from the
station mark. When this is true, it is not desirable to obtain an
azimuth from the marks, which are set near to the station mark to
reference its position, but the azimuth should be determined astronomi-
cally.
For third order traverse work, the degree of precision in observa-
tions must preclude a probable error exceeding 30 seoonds of aDgle in
azimuth. Third order observations for azimuth may be made on Polaris
or the Sun. Solar observations for azimuth give good results wen
properly performed but are more susceptible to errors than are observa.-
tions on Polaris. Polaris observations for azimuth or bearing, are
more accurate than Solar observation, are easier to compute, and under
favorable weather comitions are easier to make. The vertical angle
does not enter into the computation for azimuth and thus two possible
souroes of error present in the Solar observations are elimizated..
In the course of study, the Polaris observation for azimuth is
used since it is more accurate and less susceptible to errors than the
Solar observation. In general 8UrVey practice either the Polaris or
Solar observation for bearing may be used, the method used is based on
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the experience of the engineer.
The majority of engineers will specify using Solar observations
for azimuth, or bearing, since the sun can be seen and observed, "'hile
the line is being run. If they specify a Polaris observation, they like
to have the observation taken either at eastern or western elongation,
since the movement of the star is at a minimUll at those times. The
Polaris observation .for Azimuth of ~e 11, which is explained, was
observed at a time convenient to the student party rather than at
eastern or western elongation. It has also been proven that observations
on Polaris can and are D18.de during the daylight. Therefore, Polaris
observations rather than Solar observations shotud be made when
a.stronomic observations are needed in survey work.
When azimuths are not available from triangulation, observations
on Polaris arl8 made. In the course of study the observations 8.l"lB made
at the beginning and end of each line, at all junction points, and at
any abrupt changes in the general direction of the line. In the
general practice the observations are made at the beginn:l.ng and end of
each line.
Computation of observations for azimuth requires the use of
certain astronomic data. The data may be obtained from any Ephemeris
or Nautical Almanac. All the information needed in the compltations
is contained in convenient form in the "Ephemeris of the Sun and Polaris
and Tables of Azimuths and AItitudes of Polaris" published by the U. s.
General land Office. Pages one to eight am pages seventeen to twenty
of the General Land Office Ephemeris are tabulated in AppeDdiJI: A.
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(a) Observing
Observing on Polaris, in the course of study', the ins nt is
screwed tightly on the tripod head and the screws at the top of the
tripod legs f:i.rm1y set. Level the instrument vith the utmost oar •
It is well worth while to improve the leveling of the instrument by
using the sensitive bubble attached to the telescope, adjusting the
vertical tangent scre~ and the foot screVB until the bubble stays
centered vith the telescope pointed in any direotion. Only then is
the highest available precision obtained in leveling the ordinary transit.
Then set on the A vernier the azimuth between the instrument and the mark
as brought forward in the notebook by applying algebraically the de-
flection angles from the preceding obs rved azimuth. With the telescope
direot, sight carefully on the mark and clamp the lower motion. Re-
lease the upper motion and turn the telescope in the direction of the
north star (Polaris) and swing the telescope upwards to locate the north
star in the line of sight. Clamp the vertical motion. Polaris should
now be in the field of view and brought into clear vision by focusing.
\.Jith the tangent screw of the upper motion run the vertical hair
slightly past the star, turning the screw to the left so that the ten-
sion on the spring is being released. Flashlights are us d on the mark
sighted, to show up the cross hairs in the t lescope, to read the
verniers, and to read the time and record the data. The instrumentman
calls out, "Ready, II so the recorder will be ready to get n exact read-
ing of the time by ob rving the IS com hand. of his watch. Tightening
up on the tangent screw spring, run the vertical hair onto the star.
At the exact instant that the star disappears behind the hair, call
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out, "Time." The recorder should record the time to the exact second.
The A vernier is read and reCorded in the notebook on the same line with
the time. Loosen the tangent scre", so that the star again appears to the
side of the vertical hair. Call out, "Ready." Again come on the star
by tightening the spring, and at the proper instant callout, "Time."
The A vernier is read and recorded in the field book along with the time.
Repeat the process again so that a third pair of readings are obtained
on the star with the telescope direct.
The upper motion clamp is released, the instrument releveled if
necessary, and the telescope reversed (plunged). With the lower motion
still clamped, the instrument is turned 1800 • The upper motion i
clamped. The telescope is turned up and focused so that the star will
come into the fi ld of view. Three pairs of readings of the time and
B vernier are made on the star in exaotly the same manner as vith the
telesoope dir ct. The upper motion is then released, the telescope
turned back to the mark, the upper motion clamped, a careful pointing
mad on the mark using the upper motion tangent screw, and the B vernier
read and recorded. This last reading should agree with the first read-
ing of the A vernier plus or minus 1800 • Failure to agree within one
division of the vernier Decessitat s discarding the entire set and
obtaining new readings.
(b) Recording
Observations should be recorded in the back pages of the transit
field book. To facilitate checking the field computations of the azimuth
observations, a form, figure 11, has been adopted.
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(1) The latitude and longitude are obtained by careful scaling from a
reliable map, or by some other acceptable method if a good map is not
available. .A. reliable map is a U. S. Geological Survey quadrangle map
as shown in Plate A.. The map \tas reduced from its 16 inch by 24 inch
standard size.
(2) The standard time zone to vhich the watch is set is recorded. If
the watch is set on Central Standard Time instead. of Central Daylight
Saving Time, etc., it should be so noted.
(J) The error of the watch setting as determined from daily Western
Union or radio time signal must be recorded and taken into account in
computing the azimuth, or bearing. At the culmination points of Polari ,
at latitude 460 , an error of ten seconds in time vill result in an
error of almost four seconds in angle in the azimuth. As a Polaris
approaches its elongation points the difference in azimuths resulting
from an error in the time is less appreciable.
(4) The mean watch time is one-sixth of the sum of the individual
watch readings.
(5) The wtch correction is the amount of the watch error as set down
at (3). In the example the watch was fast, so the correction must be
subtracted. If the watch were slow the correction wo~d be added.
(6) The mean watch time must be corrected to the local mean time.
In this case the difference betveen the long!tude of the place of
observation (910 46' 30") and the standard time meridian (900 ) is
10 46 I 30" or 10 46.5'. s the change in time for each degree of
longitude is four minutes and for each minute of longitude four
seconds the correction in this case is l O x 4 min. f. 46.5' x 4 sec.
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or 7 min. 06 sec. As the point of observation is wst of the standard
time meridian the correction must be subtracted from the mean watch
time. If the point of observation ws east of the standard time meridian,
the correction would be added.
(7) The time of upper culmination of Polaris nearest the local mean
time of observation is found on page three of the 1949 Ephemeris to
be, on April 13, at 21.1 min. P. M. The tables in the Ephemeris are
based on the longitude of the observatory at Greenwich, and. the time
of upper culmination must be corrected to the local mean time of
upper culmination at the longitude of the point of observation.
(8) From page three of the Ephemeris, it will be seen that the differ-
ence between the time of upper culmination on April 13, and on April
14, is 3.9 min. The longitude from (1) is 910 46' 30" or 9l.7gO.
The oorrection is thus: (91.78. 360) times J.9 equals approximately-
one minute. For points in West Longitude this correction is always
negative. The correction should be subtracted from the time of upper
culmination taken from the Ephemeris, before recording.
(9) The hour angle is the difference between the looal mean time of
the observation and the local mean t:1me of the nearest upper culmination.
(10) The azimuth angle of the star is easily found by double interpo-
lation from the table on pages eighteen and. nineteen of the Ephemeris.
Using the latitude from (1) and the hour angle from (9) as arguments,
select from the table the four values which bracket them. The inter-
polation is made in three steps, by interpolating vertically for hour
angle 7 hr. 20.53 min. at latitude 360 and at latitude JSO, and then
interpolating horizontally for latitude 37.95° at hour angle 7 hours
20.53 min.
(11) The interpolated azimuth angle is 68.96', or 10 08' 58".
(12) From page three of the Ephemeris the declina.tion of Polaris for
April 13, is found to be 890 01' 34.46".
(13) A small correction to the azimuth angle must be made for the
declination from (12). This correction is found in the Ephemeris
table on pages eighteen and nineteen, using the hour angle and the
declination as arguments. In this case the correction for hour
angle 7 hr. 20.53 min. and declination 890 01' 30" is - 0.2' and for
declination 890 01' 40" it is O. For declination 89° 01' 34.46" the
correction is thus: (4.46 t 10) x .2' • -07".
(14) The local mean time of observation was after the time of the
nearest upper culmination of Polaris. The angle of the star is there-
fore west of north because Polaris appears to rotate counter clock-
wise. If the local mean time of the observation was before the time
of the nearest upper culmination of Polaris the angle of the star vou1d
be east of north.
(15) The azimuth of Polaris is then obtained by subtracting its azimuth
angle (14) from 1800 • Had the observation been before the nearest
upper culmination, the azimuth of Polaris would have been added to
180°.
(16) The six star readings are averaged and the value obtained is
subtracted from the azimuth of Polaris. The average of the star angles
are al'W8Ys subtracted.
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(17) An average is taken of the rod readings. The ~verage of the rod
angles is added to the value obtained from the difference between the
azimuth of Polaris and the average of the star angles. The angular
value obtained will be the azimuth of the line.
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Polaris Observation
Instrument on station 4 (Pin #2)
Latitude 370 57' 15" North
Longitude 910 46' 30" West
Wednesday April 13, 1949
Rod on station 5
Watch 20 seconds fast
Dec1ination~01' 34.46"
Rod 000 00 t 00'1 Central Standard Time (C.S.T.) (P.M.)
Star (D) 36 03 00 7h 45m 458
"
36 04 00 7 47 13
n 36 05 00 7 47 33
Star (I) 216 03 30 7 48 30
"
216 04 00 7 49 30
"
216 04 00 7 49 53
Rod 180 00 00
6 L!J.l 285 204
7h 4am 048 Mean 'Watoh Time (P.M.)
-20 Watch correction
7 47 44 Mean Watch Time corrected
-7 --.Q§ Longitude correction
7 40 38 Local mean time (P.M.) of obs.
0 20 06 Upper culmiI~tion ~th corr.
7h 20m 328 Hour angle after upper culm.
Lat. 360 37.95 38°
H.A.
7 18.80 67.50 69.20
7 20 .53 67.30 68.96 69.00 1° 08' 58"
-07 Declination correction
7 28 .80 66.30 68.00
1° 08 51 'West of North
180 00 00 From south to true North
Declination correction
89 01 30 = 0.20 178 51 09 Azimuth of Polaris
89 01 34.46 = 0.11 36 04 00 Average of star ag1ee
89 01 40 = 0.00 00 00 00 Avera of rod angles1420 47' 09" Azimuth of line
from station 4 (PIN #2)
to station 5





'fraverses are run for~a definite purpose which in turn determines
the precision required and hence the methods that must be employed to
attain that precision. Wo survey is mathematically perfect. In the
course ot study, the third order transit traverse survey, the azimuths
may be several seconds in error do to the convergence of meridians,
and the distances are usually in error due to temperature. In general
survey practice deflection angle traverse, the bearings lJ87 be
several minutes in error and the distances are 1.l8uallJ measured with-
out great precision. In this instance, the traverse was ruD to
determine the position or points in terms of latitude and longitude,
on the ground.
Sefore ·calculating the traverse· all work in the taping field
book. and transit field books should be checked and adjusted. This
procedure will be explained in the following.
(a) Polaris Observation,
the Polaris observation for azimuth that are recorded in the
back pages ot the transit field book, are checked. The method used
in checking is an independent calculation of the field da"" and
followe the same method ae steps (4) through (17) as explained
under "Recording- ot Azinuth Observationa. It the calculated
A&imuth Talue doe. agree with the Polaris observation azimuths value
in the transit field book, it should be so noted. It the two do not
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agree, the error should be noted on the page of the observation. !he
latter being the case, the observed azimuth value in the azimuth column
of the transit notes should be corrected for the cours. of stUdy. In
general survey practice, if th latter implied, the correoted azimuth,
or bearing, would be u ed in calculating the bearings of the courses.
(b) Transit Notes and Taping Not"
The transit notes are checked in detail so that any error. in
the work may be caught and corrected before the traver.e 1s calculated.
In the course of study, checking the travers. notes i. the same
as that explained in steps (6) through (16) in -Recording". Next,
the two taping field books ara compared. The distances between
stations and pertinent data for the traverse line should. agree 1n both
field books. Then, one of the taping field books is used to check the
recorded distances, between stations, that were taken from the slips
of paper, at the stations, and entered into the transit field book.
In the general survey practice, the transit field book is checked
by noting the values of the deflection angles and the direction they
were turned and comparing these with the sketch. If the, deflection
angle was turned to the left, the sketch should also show the dense-
tioD angle to the left, etc. The taping field booke values of the
measured distances between stations are compared with the measured
distances between stations in the transit field book. The two should
agree .ince the distances in the transit field book were obtained from
the distances in th t ping field book. The sketches in the two field
books should be compared. This is done to be Burs the transit field
49
book has the same sketch as the taping field book and all offset pointe
are included, have been taped, and the angle measured.
(c) AziIll.lth Adjustment
In the course of study the azimuth that is observed by an astronomic
observation on Polaris lI'ill be slightly larger or smaller than the
azimuth carried forward by applying ths deflection angle.. This will
be caused by the convergence of the meridians and instrumental error••
When the difference i8 within the allowable, the observed az1muth is
always taken as the correct azimuth, the difference is rorated
between observed azimuth station••-- The difference is divided by the
number of courses between the two observed azimutha, then the azimuth







Say there were five courses then (-20" ~ 5) • -04" which is the
adjustment error. The azimuth of the first course would receive a
correction of -04", the second 2(-04") • -oa·, etc., until the fifth
or 5(-04") • -20", which would be applied to the carried azimuth of
125 0 28' 25" and make the azimuth equal to the observed azimuth which
ia always taken 8S correct. In this case the error was negative
therefore SUbtracted, but the error may be positive at which time the
values are added to the azimuths. Since Polaris observations for
azimuth are made at the beginning and end of the line, at all junction
points. and at a.ny abrupt changes in the general direction of the line,
the convergence of the meridians need not be taken into effect. All
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azimuths of the courses between observed azimuths are adjusted in the
nenner explained_
In general survey practice, the observed bearing, obtained by
Polaris observation, at the beginning and the end of the line are
used to calculate the bearings of the courses of the travers. line
by applying the deflection angles of each course to the bearings ot
the course. 'l"he observed bearing at the end ot the line is a check
on the calculated bearings brought forward by applying the deflection
engles of each course'to its bearing. Before a true check of the
bearings, at the end of the line, can be luade convergence ot meridians
must be taken into account. Since the meridians canTerge toward
the pole it is necessary to make proper allowances for this convergence
when comparing the bearings. The difference in value ot the two
bearings of the last course is the error that must be prorated through
out the courses of the line. The method ot prorating is the same as
that used for the azimuth ot the courses in the course of study.
(d) Dietance Correction,
The taped distances, in the course of study, are corrected after
the latitude, departure, and sums have been computed and will be dis-
cussed under the heading "Latitudes and Longitudes"_
The taped distances, in general survey practice are corrected
before the traverse is computed. The factors us d for the temperature
correction of a steel tape is 0.00000645 per foot of length, per
degree change in Fahrenheit temperature. 6SoF is the temperature
at which the tapes are standardized. In the case of figure S, the
temperature was 66oF, and the distance between AB was 362.26 feet,
therefore; (362.26) x (66 0 - 68°) x (0.00000645) • -0.004 feet is the
correction to be applied to 362.26. The correction being so small
can be taken as negligibl., therefore the corrected distanc. at B
to be used in the calculation of the traverse will remain 362.26
feet. Similarly. it can be shown that the corrected distances of the
other courses will also be the same as their mean distances values.
(0) Latitude. and Longitudes
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In the course of .tudy, the latitude., departure., and ~
checks at the pertinent points are coaputed. Tabl. 2. which i8 the
cosine functions of the azimuths, headed "Latitude-, Tabl. 3, which
i8 the sine functions of the azimuths. headed -Departure"; and Tabl. 4.
which is the algebraic sums of the sine and cosine functions of the
azimuths, headed "Sums of Sines and Cosines-; are used in the computa·
tiona. The columns of these tables are headed by degrees of azimuth.
with proper eigns as related to geOdetic coordinates, and are to be
read either up or down for minutes in azimuth as in ordinary tables of
trignometric functions.
For purpose of explanation an abstract of the field notes.
figure 13. and oomputations for the traverse line, figare 16. with
computed pointe at station 2+, Pin 1, Pinl2. Pin 3. and Pin 4.
Azimuths and distances need not be copied in an abstract, but can be
read directly from the transit field book during the computing. In
this instance, the abstract takes the place of the field book.
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Abstract at Field Notes
station De cription Azimuth Distance
B. M. • a Stone - Phelps County 0 It
Rolla, s8ouri. Campus
at Missouri School of
nes. Southwest corner '1'1 52 38 193.10
ot Athletic Field
III 89 26 34 395.03
#2 sta. 2 and 20 ft. South 8'1 4'1 31 1090.SO
nd 34 ft. est Inter-
6ection Highway #66 and
14th street
113 • Pin #1 9<il 36 13 2318 .40
• Pin 2 142 4'1 09 459.50
145 22 02 451.10
1.42 38 55 1304.22
#'l • Pin #3 143 57 48 954.96
118 146, 29 40 114'1.00
{f9 = Pin 14 END OF LINE
FIGURE 12
5S
mark, the first step is to obtain the total of latitudes, -64.324, to
station 2+, by accumulating the products of the successive di.tance.
and the functions for their corresponding azimuths as taken from the
"Latitude" table, proper regard being paid to the signs appearing with
the azimuths when multiplying. This procedure is followed to obtain
the totals of latitudes for the remaining sections of the line between
the computed points. Next. and in like manner the totals of departures,
are obtained by using the "Departure" table. These values for latitude
and departure are entered in their respective columna in figure 14.
Then the cheok value, appearing in the Bum column of figure li,
is obtained in a third operation by accumulating the products of dis-
tances and functions for the oorresponding admuths as given in the
table "Sum. ot Sines and Cosines". At every computed point the check
values should very nearly equal the algebraic sums of the latitude.
and departures as obtained by the first and second operations.
In figure 13, is shown the set up of the accumulation of the
products of the successive distances and the corresponding azimuth
functions. As shawn in the abstract figure 12, the first point computed
to is; station 2+ and 20 feet South and 34 feet West. Intersection
Highway 66 and 14th street. So in the lin, bet...n Station B1l and
staion 2+ there is in latitude an off.et distance of -20 feet since the
directiOn i8 South, there i8 in Departure an offset distance of +34
feet since the direction is West, and there is in sums an offset
distance of +14 feet since the algebraic sums of latitude and departure
is (+34 -20). Since geographically longitude increases going in the
westerly direction. for all est d.irec,tions the values are added and
5'1
LATITUDES, DEPARTURES, AND SUMS
B. M. to Station 2 I-
(I- .20990 x 193.10) I- (I- .00960 x 395.03) - 21. ft. offset =
- 64.324 Latitude
(I- .97772 x 193.10) I- (I- .99995 x 395.03) I- 34 ft. offset •
I- 617.808 Departure
(I- .76782 x 193.10) !- (!- .99035 x 395.03) .;. 14 ft. Offset =
!- 553.484 Sum
Station 2 I- to Pin #1
!- 20 ft. offset !- (- .03839 x 1090.50) =- 21.864 Latitude
- 34 ft. offset I- (!- .99926 x 1090.50) =I- 1055.693 Departure
- 14 ft. offset I- (.j. .9f:iJ87 x 1090.50) =I- 1033.829 Sum
Pin #1 to Pin #2
(!- .01047 x 2318.4(:) '¥24.275 Latitude
(I- .99995 x 2318.40) =I- 231b.284 Departure
(I- 1.01042 x 23 f.40) =2342.558 Sum
Pin #2 to Pin #3
(!- .79635 x 459.50) .;. (I- . 82281 x 451.10) ~ (I- .7494 x ~4.22) =
.;. 1773.869 Latitude
(.;. .60483 x 459.50) .;. (!- .56832 x 451.10) !- (!- .60668 x 1304.22) =
.;. 1325.532 Departure
(!- 1.40118 x 459.50) !- (!- 1.39113 x 45~.1~~4b1 ~0162 x 1304.22) =
Pin #3 to Pin # 4
(!- .80867 x 954.96) .;. (!- 83389 x 1147.00) =I- 1728.719 Latitude
(I- .58826 x 954.96) .;. (I- .55194 x 1147.00) =!- 1194.840 Departure
(!- 1.39693 x 954.96) .;.(~ 1.385 3 x 1147.00) =!- 2923.559 Sum
FIGURE 13
those going East are subtracted which differs with general survey practice
computation of traverses. Oftset points are ott the traversed line,
therefore the distance and direction used to compute the point is reversed
so that the computing will continue along the traversed line and not trom
the otfset-point where the azimuth had not been measured.
When the latitudes and departures have been obtained and checked,
the summation total of each should be entered in the "Computation Check"
line. Next the latitude and departures are adjusted for temperature
in the same manner as that .xplained and used in general survey practice.
The adjusted values are entered in their respective columns as .hown in
figure 14.
Atter the latitudes and departures have adjusted tor temperature,
the computation is carried through their conversion into geodetic
positions by the use ot the U and P factors shown in Table 5. The u:
aDd P factor. are t~ken trom the -Factors For The Interconveraion Ot
Latitudes And Departures In , ••t And Ditference ot Latitude And
Longitude In SecoQd.-, bulletin published by the United State.
Geological Survey. The K and P tactors are based upon the complete
tormulas developed by the U. S. Coast and Geodetic Survey tor
computing the letitude and longitude of points 10cated by traverse. (1)
(1) Coast and Geodetic Survey Special Publioation No.8, ashington, 1911
The purpose ot the factor Mi8 to convert ditterences ot latitude
(sometimes called "northings" and "southings"), in feet, into seconds
ot Latitude. This is accomplished by multiplying the appropriate
MAND P FACTORS
, M P ,
130 .0098868 .0124088 30 P
I:n 8 116 31 InteroolatiM Table
132 7 143 32
1:33 7 171 33 Tabular D~fferenc diff. P134 7 - 'Z'I 2CJ199 34 28
- n II n
135 7 226 35 2.2 2.1 2.1 01~6 6 254 36 6.7 6.4 6.2 2~7 6 282 37 11.1 10.7 10.3
~8 6 310 38 15.6 15.0 14.5
~9 5 337 39 20.0 19.3 18.6
~O
24.4 23.6 22.8 I
.0098865 .0124365 40 28.9 27.9 26.9 7U 5 393 41 33.3 32.1 31.0 842 5 421 42 37.8 36.4 35.Z -q
143 4 449 43 42.2 40.7 39.3 10~ 4 477 44 46.7 45.0 43.4 1151.1 49.3 47.6 12~ 4 504 45 55.6 53.6 51.7 13 532 46 60.0 57.9 55.9 1
147 3 560 47 64.4 62.1 60.0 1~ 3 588 4B 68.9 66.4 I 64.1 13 616 49 73.3 70.7 I 68.3 1777.8 75.0 72.4 1850 .0098862 .0124644 50 82.2 79.3 76.6 1951 2 672 51 86.7 83.6 80.7 2052 2 700 52 91.1 87.9 84.8 215.3 2. 729 53 95.6 92.1 89.0 2254 1 757 54 100.0 96.4· 93.1 23104.4 100.7 97.2- 2i..
55 1 785 55 108.9 105.0 101.4 2556 1 81.3 56 113.3 109.3 105.5 26
57 0 841 57 117.8 113.6 109.7 2758 0 869 58 -_. 117.9 113.8 28
59 0 898 59 ---- - 117.9 2960 .0098860 .0124926 60
-r
TABLE 5
tabular value for the factor U by the number of feet in the northiug or
southing.
The purpose of the factor P is to convert differences ot longitude
(Iometimes called "eastings" and "westings"), in feet, into seconds of
Longitud.. This is accomplished by multiplying the appropriate tabular
value tor factor P by the number of teet in the ..sting or westing.
In the interpol ting tables of Table 5, for the factor P, the
figures in the right-hand columns headed respectively "dift; P" are the
numerical changes in the factors corresponding to the number of
seconds given in the 8 veral other columns to the lett, headed "Tabular
Differences". The figures at the tops of th 88 columns denote the
total tabular changes in the factors for one minute.
In the computation to deter One Latitude it i8 customary to· select
the factor U from the table by using as an argument the even minute
Latitude nearest to the Latitude of the known point, a8 the tabular
values for this factor change slowly. Any survey that is to be based
upon standard geodetic reference system must be expanded from at least
one point for which the Latitude and Longitude are known. Therefore,
the Latitude of Azimuth station, the starting point, called the BN, is
known. 'l'he Latitude of B.Li. is 37 0 57' 15", using this value entering
Tabl. 5, in the factor K column the tawlar value i. (0.0098860), to
which must be multiplied the latitUde value in feet, at station 2+,
which i8 (-64:.312) a8 shown in figure 14. By the mltiplicatioll the
figure to be applied algebraically to the Latitude of B•• is (-0.63").
The Latitude value of station 2+ is then 3'10 57' 14.37". Next, the





CHECKER: J. E. BalleW'
PARTY NO.: _--=1:...-__ DATE:__~Ma::::;YIl.-:::2:.;.Ol.....-=1J.:94:z.o9~_
Station Latitude Departure Sum LATITUDE LONGITUDE
0 I II 0 ,
"B.M. 37 57 15.00 91 46 30.00
12 688 ,L553.484 -0.63 ,L7.71
2 ,L
-64.3.64 -617.g0~ 37 57 14.37 91 46 37.71
Hwy 66
0 487 -0.22 ,(13.18
Pin # 1 -21.864 ,Llo55.it9~ ,(1033.829 37 57 14.15 91 46 50.89
69 10.24 ';'28.94
Pin #2 124.274 12318.~ ,(2342.558 37 57 14.39 91 47 19.83
58 23 ,L17.54 ,(16.55
Pin #3 11773.8'9 ';'1325.~. ,L3CY99.401 37 57 31.93 91 47 36.38
08 32 117.CY9 114.92
Pin #4 ,(172, •7.~ 11194.8t4Q ,L2923.559 37 57 49.02 91 47 51.30
END
37 57 15.00 91 46 30.00
Compu-
,tl 21.30tation ,L3440.668 16511.799 ,(9952.467 ,t34.02
Check 37 57 49.02 91 47 51.30
FIGURE 14
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14.37M is (0.0098860), to which must be multiplied the latitude value.
in teet, at Pin 1, which is (-21.860). The Latitude value of station
Pin 1, is then (370 57' 14.37· -o.22M), or 370 5" 14.15·. Similarily,
the Latitude of Pin 2, Pin 3, and Pin 4 are obtained. AI can be seen
in Table S, the correction to b applied to the previous Latitude t.kss
the same sign as its latitude value, in feet.
The Longitude of B.' • i8 known as previously explained and its value
is (91 0 46' 30M). The use of the interpolating table for factor P is
illustrated by explaining Table S. The factor P depends upon the .ver-
age of two Latitudes, in angle. For example, (omitting the decimal. and
using the nearest s8cond) the two Latitudes are~ (370 57' lS-) and
(370 57' 14") for station 2+. From the table take the tabular value of
P corresponding to (370 57' 00-), which i8 (0.0124841) to which must be
added a certain amount, obtained from the interpolating table thuI; aJld
the two numbers of the seconds (15M + 14" • 29·). This sum (29-) is the
double average of the seconds in the two Latitudes, and is the argument
tor P in the interpolating table, as the table is baaed upon the double
average ot the seconds. In the main table given the total tabular
difference between (370 57' OOM) and (370 5S' OOM) being (2S), the inter-
polating table in the colwnn headed (28) and the corresponding (29-)
gives (7) as the change in P. Adding this correction (7) to the partial
value first taken out of the table (0.01M841) gives the factor 'lalue
for the true average of the two Latitudes, or, P equal to (0.0124849).
!hie P value is then multiplied by the departure (+617.688), in feet,
which give. the value (+7.71") to be applied algebraically to the previ-
ous Longitude, and equals (910 46 t 37.71-) the Longitude for station
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2+. Next, the two Latitudes (370 57' 14") and (3fO 57' 14-) is used to
obtain the P factor for Pin 1. The tabular value is obtained as previous-
ly explained and applied algebraically to the Longitude of station 2+
(910 46' 37.71"), which gives the Longitude for Pin 1, as (910 46' SO.89").
The tabular values applied to the previous Longitudes take the s1gh ot
its departure value, in feet. Similarly, the Longitude of Pin 2, Pin 3,
and Pin 4 are obtained.
en the Latitude and Longitude, in angle, have been obtained, a
check on the computations may be obtained in the "Computation Check"
line by starting with the original Latitude and Longitude, uaing the
values on the computation check line to obtain the Latitude and Longitude
of Pin 4. The method used is the same as obtaining the Latitude and
Longitude bet"een stations. The Longitude and Latitude values computed
for Pin 4, in this instance, should agree with the values tor Pin 4
carried through from station to station.
Atter the position of the points have been computed, the computed
Latitude and Longitude values of the control points are then turned over
to the Multiplex Department of the U. S. Geological Survey. The wltiplex
department. with this data, llBke up a work sheet, to scale, to be used in
conjunction with the LOUltip1ex machine and photographs to plot the plan-
imetric detail on the work sheet.
In general survey practice, the·Latitude and Longitude of the
positions are computed from their coordinates. The coordinate linos run
north and south, and east and west.
The coordinate system may be applied conveniently to a survey. The
X coordinates of the successive stations are obtained by adding algebrai-
cally the lorresponding departure, or difference of ~ The Y coordin-
ate. are obtained similarly from the latitudes of the luecessive courses.
These X and Y coordinates are 80metimes called the total departures
and total latitudes.
To obtain the latitude and departure of each point, the bearings
and distances of each course in the traverse line are used. ~e
latitude of any course i8 its projection on a north and south line
and the departure of the course 11 its projection on an east and west
line. When the bearing and length of oourse are known the latitude
and departure may be computed by the forUlUlas 1
Latitude • Distance X cos bearing,
Departure • Distance X sin bearing,
or a. found in figure 17.
Latitude A-B • 400.9 (cos 520 49')
• 400.9 (0.60437)
• 242.3
Departure A-B:· 400.9 (&in 520 49')
• 400.9 (0.79671)
• 319.4
Similarly, the latitudes and departures of :a-I and o-D may be obtained.
Lin. Bearing Diet. I.e.titude Departure
Feet N S & Vi
IA-B S 52° 41' W 400.9 242.3 319.4
B-C N 54° 59 ' W 526.1 301.9 430.9
C-D N 350 23 ' E 390.8 318.6 ~





In the example shown on figure 15, the coordinates of the stations
A, B, 0, and D referr d to the starting point A would be cOIDputed as
follo"81
Point y
A o assumed assumed
B -242.3 -319.4
+301.9 -430.9
C + 59.6 -750.3
+318.6 +256.3
D +378.2 -524.0
These positions ot stations A, B, C. and D are plotted starting from
the origin, in this instance being ,using the and Y coordinates as
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S C. Q I tZ I = 400
FIGURE. 16
The offset points are plotted on figure 16 using the distance and
angle turned from the station a8 illustrated at station B.
Knowing the Latitude and Longitude of station A. the Latitude
and Longitude of every station and offset point may be obtained. To
obtain the Latitude and Longitude of the stations the coordinates
are used in conjunction with Table 6.
CONVERGENCE OF MERlDI WS
L },dle • 0.67 D. 01 Latl tu.de
1 11. 1.00 min. of LoD,lt • t 0
1 1111. 06 m1n. of Lond
1 le. 1-1 aln. of nd tude at to
1 1-. 1.2
1 1.: 1." n. 01 lonr1-.a4. at 150°
TA 5LE. 6
The Latitude and Longitude of the offee~ points are obtained by
computing the coordinate of the point from its reference station.
u ing Table 6. to obtain the Latitude and Longitude of the coordinates
in angle, and applying these values to the latitude and Longitude of
its reference station. The reference station for otfset 1 is station
B as .hown in figure 16.
tter obtainillg the Latitude and Longitude of every station and.
every offset point, the stations that are not to be used a8 control
are discarded. The control stations, including offset points are then
used for plotting planimetric rcaps by aerial photographic means.
In computation of traverses the essential difference in the course
of study and general survey practice is the method of checking the
possible errors in mathematics. For the course of study there are checka
for taking the value, from the field book correctly i reading the Aziuuth
functions and computing the latitude nd departure at ~ch control point
correctly. reading the Mand P tactors and computing the Latitude and
Longitude at each control point. Recompution ot any part ot the work 11
only undert~ken when an error arises. fbi. is minimized .inee checking
is continuou. and only a short section will require recompution.
The sum value for each point will check the latitude and departure
value. and the methods used to ob~ain the latitude and departure, the
MComputation CheckM line will check the Latitude and Longitude values.
For general ~urvey practice the only check for errors in computation
work is to have two computore. compute the traverse individually. Then
the value. obtained by each, can be compared and checked. This method of
computing the traverse will assure correct result being obtained.
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CONCLUSIONS
The improvements that the United states Geological Survey has
mad in their surveying and computing has resulted in increesing the
output alld reducing the cost of these operations. The increase in
output in the tield work ot th Unit d states Geological Survey over
that of general survey practice is approximately one and one-hal! to
one, which when lIUltiplied by the number of parties in the field and
spread over a long period of time results in a large cost of operation
saving. The increase in output in computing of the Un!ted States
Geological Survey OYer that of general survey practice i8 approximately
one and one-third to one, which again results in a large cost of
operation saving. This cost of operation reduction i8 an essential
feature required of any and all engine ring work. ne feature that
must be kept in nd, is that ccuraey l1lUst not be eaeriticed to gain
a cost of operation r duction. I~ can be said ot the nited States
Geological Survey that they have not in any way sacrificed accuracy
but r ther, have achieved greater accuracy in transit traverse surveys
and at the same time reduced cost ot operations.
ny years ago surveys were made with inferior equipment which
resulted in obtaining poor survey data. The results obtained, was
faulty when an attempt was made to tie into or use the data from
these early surveys. In recent years the advancement in surveys and
surveying methods has been rapid and improving steadily. To meet this
rapid advancement many colleges and universities have introduced new
courses in Aerial Photography, but have neglected to tie in the method
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of obtaining photo-compilation control by transit traverse surveys.
At the present time there i a tendency toward a large scale
mapping program in the United states. Engineers, and the public, are
becoming map conscious and are endeavoring to have the densely pop-
ulated cities in the United States mapped as complet81y as are the den-
aely populat d cities i~ urope. bill, for a twenty year mapping
program has been introduced in Congress of the United stat•• , when
this bill is passed there °11 be a great demand for Topographic
Engineers.
An Engineer instructed in the United states Geological Survey
methods of establishing control for mapping is trained for employment
in many organizations. Aerial pping gencies, Bureau of Reclaimation,
u. S. Engineera , Department of-Agriculture, private Engineering
Companies, state Agencies, and U. S. Geological Survey re a f w or-
ganizations needing Engineers 80 trained.
The U. S. Geological Survey, Oentral Division, on recommenda-
tions are employing as many as twenty-fiv Civil Engineer, undergr d-
uate, students for summer field work. The Ro y Mountain Division,
the Central Division, and the estern Division of the U. 6. Geological
Survey are employing many Civil Engineering graduates, but have found
that the majority ot these graduates need at le st three months train-
ing when not, having previous instructions in their methods. They have
many openings for Engineers trained in their methods of transit traverse
surveys.
Therefore, it i8 the belief of the author that a course of study
can be introduced in colleges and universities, whereby the Civil
Engineering students may obtain instruction and training in transit
traverse surveys Baed to control photo-compilation, based on the U. 6.
Geological Survey methods. The method herein explained, compared, aDd
employed as a c ss problem in. Advanced Surveying is believed, by tho
author, to be ably incorporated in the Civil Engineering Curriculum.
complete set of transit traverse survey results shown in Appendix B
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POLARIS !'OR TIll IlERIDIANAT GREENWICB APPARENT !lOOli OF GRE!IIlIICH. CIVIL DATE
Am> IlEAN rnm
THE SUN'S T1Jn. Equation
Seml- of Time.
dlam- to be Upper CuI.. &lonfjatlon DeaU-Dot. Apparent Dirr. Sami- otero Added to mination lat. l,o' n&tlonDeolination for 1 diam- Pass- Apparent






• m • h In h In "Sat. 1 S.23 040.9 +12·36 16 17.54 71
,36•68 7 3.6 P.M. W.E. 1 3.3 A.M. 45.81Sun. 2 22 55 30.6 13·50 1617.54 71 4.99 659.7 059.4 45.97
Hon. 3 22 49 52.8 14.64 16 17.54 71 4 32.94 6 55.7 o 55.5 46.12
TusS o 4 224347.7 15.78 16 17.54 71 5 0.49 6 51.8 o 51.5 46.26
Wed. 5 22 37 15.6 16.90 16 17.53 71 5 27 .61 647.8 047.6 46.40
Thur. 6 22 30 16.6 18.01 1617.52 71 5 54.28 643.9 043.6 46.53
Fri. 7 22 22 50.9 19.12 16 17.51 71 6 20.46 ,6 39.9 o 39.7 46.65
8at. 8 22 14 58.8 20.22 16 17.48 70 646.13 636.0 o 35.7 46.'/7Sun~ 9 22 6 l,o.5 21.30 16 17 .45 70 7 11.25 6 32.0 o 31.8 46.88
Hon. 10 21 57 56.3 22.38 16 17.42 70 7 35.82 628.1 o 27.8 46.99
Tuee. 11 21 48 46.5 23.44 16 17.39 70 7 59.79 624.1 o 23.9 47.09
lied. 12 21 39 11.2 24.49 16 17.34 70 8 23.16 6 20.2 o 19.9 47.18
Thur. ~ 21 29 10.8 25.53 16 17.29 70 8 45.91 6 16.2 o 16.0 47.26Pri. 21 18 45.6 26.56 16 17.24 70 9 8.01 6 12.3 o 12.0 47.34
Silt. 15 21 7 55.9 27 .58 1617.17 70 9 29.45 6 8.3 0 8.1 47.41
Sun. 16 20 5641.9 28.58 1617.10 70 9 50.23 6 4.4 0 4.1 47.48
Mon. 17 20 45 4.0 29.57 16 17.03 70 10 10.32 6 0.4 I 0 Q,2 Uf'j 47-5411 56.2 P.Il.
Tues. 18 20 33 2.4 30·55 16 16.95 70 10 29.72 556.4 11· 52.2 47.59
Wed. 19 20 20 37.5 31.)2 16 16.86 69 1048.42 5 52.5 11 48.3 47.64
Thura 20 20 749.6 32.47 16 16.77 69 11 6.39 548.5 11 44., 47.68
Frio 21 19 5439.0 33.41 16 16.67 69 11 23.64 544.6 11 10>. 47.71
Sat. 22 1941 6.0 34.~ 16 16.57 69 11 40.15 5 40.6 11 36.4 47.74Sun. 23 19 27 11.0 35. 16 16.46 69 11 55.90 5 36.7 11 32.5 47.76
Mon. 24 19 12 54.4 36.14 16 16.35 69 12 10.89 5 32.7 11 28.5 47.77
ruee. 25 18 58 16.5 37.01 16 16.23 69 12 25.10 5 28.8 11 24.6 47.78
lied. 26 1843 17.8 37.rrr 16 16.12 69 12 38.53 5 24.8 11 20.6 47.78
rhur. 27 18 27 58.6 38.72 16 15.99 69 12 51.16 5 20.9 11 16.7 47.77
Fri. 28 18 12 19.2 (Z.55 16 15.86 69 13 2.98 5 16.9 U 12.7 47.76
Sat. 29 17 56 20.2 .36 16 15.73 68 13 13.9') 5 13.0 11 8.8 47.74
Sun. 30 17 40 1.9 41.16 16 15.60 68 1) 24.18 5 9.0 11 4.8 47.71
Mon. 31 17 23 24.7 41.94 16 15.47 68 13 33.54 5 5.0 11 0.8' 47.68
FEBRUARY. 1949
'l\l.el!l. 1 17 .6 29.0 42.69 16 15.33 68 13 42.08 5 1.1 10 56.9 47.64
Wed. 2 1649 15.4 43.43 16 15.19 68 1349.78 457.1 10 52.9 47-59
Thur. 3 16 31 44.2 44.16 16 15.04 68 13 56.65 453.2 10 49.0 47-54
Fri. 4 16 13 55.7 44.87 1614.69 68 14 2.69 449.2 10 45.0 47.48
Sat. 5 15 55 50.6 45.55 1614.74 68 14 7.89 445.3 10 41.1 47.41
Sun. 6 15 37 29.1 46.22 16 14.58 67 14 12.27 441.3 10 37.1 47.34
Mon. 7 15 18 51.8 46.88 16 14.42 67 14 15.83 437.4 10 ".2 47.26
TuCHI. 8 14 59 58.9 47.52 16 14.25 67 14 18.57 433.4 10 29.2 47.17
Wed. 9 14 40 51.0 48.13 16 14.08 67 1420.50 4 29.5 10 25.3 47.08
Thur. 10 14 21 28.5 48.73 16 13.91 67 14 21.62 425.5 10 21., 46.98
Pri. 11 14 1 51.8 49.32 16 13.7, 67 14 21.96 421.6 10 17. 46.88
Sat. 12 13 42 1.3 49.88 16 13.5 67 14 21.52 4 17.6 10 13.4 46.77
Sun. 13 13 21 57.4 50.43 16 13.35 67 14 20.32 4 13.7 io 9.5 46.65
Mon. 14 13 110>.4 50.97 16 13.16 67 14 18.37 4 9.7 10 5.5 46.53
Tuell. 15 1241 10.8 51.49 16 12.96 67 14 15.69 4 5.8 10 1.6 46.1,0
Wed. 16 8.12 20 28.9 +51.9') 16 12.75 66 14 12.30 4 1.8 P.Il. 1I.1I:. 9 57.6 P.Il. 46.27
The 11gn + prefixed to the hourly ohat\ije of deolination indioatoll that {llOrth) deolinations aro ( dinoro••ii"!:·
IOUth ecrea. 0«.
( IOUth} (lnOreal1n&.The sign - prefixed to t.he hourly ohan~e of deolination indioate. that _~ deolinations are d iCO.-WI eoreal ~.
3 1949
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POLARIS FOR TIlE I1EIlmIAll
AT GREElllIICH APPARllNT NOON OF GREENliICH. CIVIL DA'l'I!
JJlD I1E&Il TnlB
TIll! SUI/'S Time Equation
Selll1- of" Time.
dl..... AU to Upper CU1- Elongation Do.U-
Ilate Apparent Dlrf. Seml- eter Subtraot minatlon lAt. 40' nation
Doo l1nat lon for 1 dlam- Pa8ll~ from.
Hour eter log .lppareDt
Hor. Tim.
~PRIL. 1949
. " . .
+89·01'
.
• m • h m h m
.
.... 1. 1 N. 431 30.3 +57 .89 16 1.57 64 3 59. 26 1 8.} P.M. W.E. 7 4.1 P.l'!. }5097
Sst. ? 4 54 3703 57.68 16 1.29 64 3 41.36 1 4'R 7 0.1 }5.67Sun. 3 5 17 38.9 57.45 16 1.02 64 3 23.57 1 o. 6 56.2 35.37
Kon. 4 5 40 34.8 57.20 16 0.75 64 3 5.92 056.5 6 52.3 35.07
'l\Jee. 5 6 324.7 56.95 16 0.46 64 246.42 052.5 646.3 34.76
Wed. 6 626 8.2 56.67 16 0.21 64 2 31.08 046.6 644.4 }4.46
Thur. 7 64S 44.9 56.36 15 59.94 64 2 13.92 044.7 640.5 34.16
Frl. 6 7 11 14.5 56.06 15 59.67 64 1 ';6.97 040.7 636.5 33.86
Sat. 9 7 33 36.6 55.76 15 59.La 65 1 40.23 o 36.6 632.6 3}.56
Sun. 10 7 55 51.0 55.43 15 59.13 65 1 23.73 o 32.9 6 26.7 33.25
Kon. 11 817 57.4 55.09 15 58.86 65 I 1 7.49 028.9 624.7 32.95
Tuell. 12 6 39 5503 54.73 15 56.59 65 o 51.53 o 25.0 6 20.6 32.65
lied. 13 9 144.5 54.36 15 58.32 65 o 35.67 o 21.1 6 16.9 }2.35
Thur. 14 9 ~ 24.8 53.99 15 58.05 65 o 20.53 o 17.1 6 12.9 32.05
Frl. 15 9 55.6 53.59 15 57.76 65 I 0 5.53 o 13.2 6 9.0 31.74
Sat. 16 10 6 17.3 53.19 15 57.52 65 0 9.11 0 9·t 6 5.1 31.44Sun. 17 10 Z7 28.8 52.77 15 57.25 65 o 23.36 0 5. 6 1.2 31.14
I1on. 16 10 4S 30.1 52.34 15 ';6.96 65 o 3?~, 0 1.4 P.M. II.~. 5 57.2 P.I1. 30.64
TueS. 19 11 9 20.9 51.69 15 56.71 65 o ry:,.67 11 57.5 A.M. E.E. 6 1.7 A.I1. 30.54
Wed. 20 11 30 0.6 51.43 15 56.44 65 1 3.69 11 53.6 5 57.6 30.24
Thu.r. 21 11 ry:, 29.5 ry:,.95 15 56.18 65 1 16.27 11 49.6 5 53.6 29.94
Fri. 22 12 10 46.6 ry:,.47 15 55.91 65 1 26.40 11 45.7 5 lJ>.9 29.64
Sat. 23 12 30 51.9 49.96 15 55.6.5 65 1 40.07 11 41.8 5 46.0 29.34
Sun. 24 12 ry:, 44.9 49.45 15 55.39 65 1 51.27 11 37.8 542.1 2'J.05
lion. es 13 10 25.3 46.92 15 55.14 65 2 1.96 11 33.9 5 38.1 26.75
Tues. 26 13 29 52.9 46.37 15 54.66 65 2 12.20 11 30.0 5 34.2 26.46
Wed. 27 13 49 7.1 4'/.81 15 54.63 66 2 21.92 11 26. 5 }9·3 26.17
Thur. 26 14 6 7.7 47.23 15 54039 66 2 31.14 11 22.1 5 2603 27 .86
Fr1- 29 14 26 54.3 46.65 15 54.14 66 2 }9.B4 11 1IJ.2 5 22.4 27.60
Sat. 30 14 45 26.7 46.04 15 53.90 66 246.02 11 14.3 5 16.5 27 .31
11 A Y. 1949
Sun. 1 15 344.4 45.42 15 53.67 66 2 55.69 11 10.4 5 14.6 27 .03
I1on. 2 152147.1 44.79 15 53.43 66 3 2.82 lJ 6.4 5 10.6 26.75
Tues. ~ 15 39 34.5 44.15 15 53.20 '66 3 9.42 11 2.5 5 6.7 26.47
Wed. 4 15 57 6.3 43.lJ> 15 52.96 66 3 15.48 10 56.6 5 2.6 26.3)
Thur. 5 16 14 22.1 42.62 15 52.75 66 3 21.02 10 54.7 4 58.9 25.93
Frl. 6 16 31 21.-6 42.13 15 52.53 66 3 26.02 10 'jJ.7 454.9 25.66
Sat. 7 1646 4.5 41.44 15 52.31 66 3 30·47 10 46.8 4 51.0 25.39
Sun. 6 17 430.6 1J>.73 15 52.09 66 3 34.37 10 42.9 447.1 25.13
Kon. 9 17 20 39.5 La.Ol 15 51.68 66 3 37.72 1{) 39.0 443.2 24.67
'1\188. 10 17 36 31.0 39.26 15 51.67 67 3 40.50 10 35.1 439.3 24.61
Wed. 11 17 52 4.6 36.54 15 51.46 67 3 42.73 10 31.1 4 35.3 24.35
Thur. 12 16 7 20.7 37.78 15 51.25 67 3 44.39 10 Z7.2 4 31.4 24.10
Fri. 13 16 22 16.4 }7.02 15 51.04 67 3 45.47 10 23.3 4 27.5 23·85
Sat. 14 1636 57.5 36.24 15 SO.63 67 3 45.96 10 19.4 423.6 23.61
Sun. 15 1651 17.9 35.46 15 50.63 67 3 45.91 10 15.5 4 19.7 23·37
I1on. 16 N.19 5 19.4 +34.66 15 so.42 67 3 45.26 10 11.5 A.l'!. E.E. 4 15.7 A.M. 23.13
{ north} (1noreaB1ng.The a1tn .. prefixed to the hourly ohange of deolination indicates that th declinations are.. 1
. IOU ;.Iecrea.ll ng.
{
SOUth) {inOrealS1ng .The et,n - prefixed to the hourly ohange of decl1r.ation indicates thl,t th deol1l"Ations are d 1nor ecrell6 ng.
For time of We~tern Elongation of Polaris for any da.te after April 18th, add Sh 55.am to the time of Upper
Cultcinatlon of the SlU:l.8 date.
1949
POLARIS FOR TIlE MERIlJIAlI
AT GREENWICH APPARENT NOON OF GREBN1IICH. CIVD. DATE
AND MEA.N TIX!!
THE SUN'S TUoe Equation
Semi- of Time,
diam- to be Upper Cul- IUongation Deol1-
Do.t. Apparent Dirt. Sem1- eter Added to minat10n lAt. l.,o' nation
Declination for 1 d18.J1l- Paes- Apparent
Hour eter ing Time.
Mer.




" . m . h m h m
+89:°1 1
Fr1.. 1 N.2~ 7 18.9 -10.01 IS 4S.~5 &;} 3 38.81 7 11.5 A.M. E.E. 1 15.7 A.I!. 16.96
Sat. 2 2~ 3 6.6 11.02 15 4S.35 &;} 3 50·34 7· 7.6 1 n.8 16.94
S'un. 3 22 58 }O.l 12.02 IS 4S.36 68 4 1.57 7 3·7 1 7.9 16.93
Mon. 4 22 53 29.6 13.01 15 45.36 66 412.49 6 'E.7 1 ~.9 16.93
'rues. 5 22 48 5·3 14.01 15 45.37 68 423.01> 6 55.8 1 0.0 16.93
Wed. 6 224217.2 15.00 15 45.30 68 4 33.2B 6 51.9 056.1 16.94
Thur. 7 22 36 5.5 15.98 15 45.l.,o 68 4 4~.13 6 48.0 o 52.2 16.95
Frio 8 22 29 30.4 16.95 15 45.42 68 4 52.59 644.1 o 4803 10.97
s.\t. 9 22 22 32.0 17.91 IS 45.41, 68 5 1.66 61..0.2 044.4 16.99
Sun. 10 22 15 10.5 18.88 15 45·47 68 5 10. 1 6 36.3 o 40.5 17.02
Mon. 11 22 7 26.0 19.83 15 45.50 68 5 18.53 6 32.4 o }6.6 17.05
Tuos. 12 21 59 18.0 20.77 15 45.53 68 5 26.32 6 28.5 o 32.7 17·09
Wed. 13 n 50 48.9 21,71 1 45.56 68 5 33.66 624.6 o 28.6 17.13
Thur. 14 21 4.1 56.7 22.64 15 45.60 68 5 40.54 6 20.6 o 24.6 17.16
Frio 15 21 32 42.2 23·56 15 45.65 68 5 LG'95 6 16.7 o 26.9 17.24
Sat. 16 21 2 5.7 24.46 15 45.70 68 5 52.81 6 12.0 o 17.0 17.}o
Sml. 17 21 13 7.3 25·38 15 45.75 68 5 58.30 6 8.9 o 1~.1 17.36
Non. 18 21 2 47.3 26.28 IS 4 .80 68 6 3·22 6 5.0 0 9.2 17.43
Tu~tl. 19 20 52 5·9 27.16 15 45.86 68 6 7.63 6 1.1 0 5·3 17.51
Wed. 20 204.1 3.4 28.04 15 45.92 67 6 11.50 5 7/.2 I 0 1,4 A·I1·1 17·5911 57.5 P.I!.
Thur. 21 2029 9.9 26.91 15 45.99 67 6 14.83 5 5303 11 53.6 17.68
Frio 22 20 17 5.6 29.77 15 46.06 67 6 17.62 549.4 11 49.7 17.77
Sat. 23 5 50.9 ;0.62 IS 46.14 67 6 19.85 5 45.5 11 45.7 17.81
Sun. 24 19 53 :26.0 31,45 15 1,6.23 67 6 21, 51 5 41.5 11 41.8 17.97
I1on. 25 194041.2 32.28 15 ! ·32 67 6 22. 9 5 37.6 11 37.9 18.08
TUfl8. :26 19 27 36.6 33.09 15 46.41 67 6 23.08 5 33.7 11 34.0 18.19
lied. 27 19 14 12.7 33.89 15 46.51 67 622..97 5 29.8 11 ;0.1 1 .31
Thur. 28 19 o 29.7 34.68 1546.62 67 6 22.25 5 25.9 11 :26.2 18.43
Frl. 29 16 46 2.8.0 35.46 15 46.7; 67 6 20.92 5 22.0 11 22.3 18.56
Sat. ;0 18 32 7.7 ;6.22 15 46.84 67 6 18.96 5 18.1 11 18.4 18.&;}
Sun. 31 18 17 29.3 36.97 15 46.97 67 6 16.30 5 14.2 11 14.5 18.83
AUGUST, 1949
I1on. 1 18 233·0 37.71 15 47.09 66 6 13.18 5 10.3 11 10.5 18.98
Tusa. 2 17 47 19.1 38.44 15 47.22 66 6 9.34 5 6.3 11 6.6 19.13
Wed. 3 17 31 47.9 39.15 15 47.36 66 6 4.88 5 2.4 11 2.7 19.28
Thur. 4 17 15 59.8 39.85 1547.49 66 5 59.80 4 58.5 10 58.8 19.44
Frio 5 16 59 54.9 l.,o.54 15 47.63 66 5 54.10 454.6 10 54.9 19.60
Sa.t. I, 1643 33.7 4.1 •.22 151,7.78 66 5 47.79 4 50.7 10 51.0 19.77
Sun. 7 16 26 56.3 41.89 15 47 ·92 66 5 40.88 446.8 1047.1 19.94
I1on. S 16 10 3.1 42.54 15 48.07 66 5 33.38 4 4.2.9 10 43.2 20.12
Tues. 9 15 52 54.3 43. 18 15 48.22 66 5 25.29 439.0 10 39'; 20·30
Wed. 10 15 35 30.3 43.81 lC, 48.37 66 5 16.62 4 35.1 10 35.3 20.48
Thur. 11 15 17 51.1, 44.43 15 48.53 66 5 7.39 4 31.1 10 31.4 20.67
Fri. 12 1459')7.7 45.04 15 48.&;} 65 4 57.60 427.2 10 27.5 20.87
Sat. 13 14 4.1 49.6 45.63 15 48.85 65 4 47.27 4 23.3 10 23.6 21.07
Sun. 14 1423 .27.5 46.21 15 49.01 6, 436.l.,o 4 19.4 10 19.7 21.28
I1on. 15 14 4 51.5 46.78 15 49.16 65 4 25.00 4 15.5 10 15.8 21.49
Tues. 16 N.13 46 2.0 -47.;4 1549.35 65 4 13·09 4 1l.6 A.M. E.E. 10 11.9 P.M. 21.71
The sign + pre-fhed to the hourly change of deol1nation indicates that {north} deoliDB.tions are (inoreaSing.
south deoreal!1ng.
( South} {lnOreaBing.The 81~n - prefixed to the hourly change of declination lndio8.te~ that th declinations are d i




POL.IJlIS FOR TBB ImRIDUll
I.T GllDNlIICB APPAI!IIIT 110OII OF GRDlIWICIl. CIVIL DolT!
AIlD 1lE.\!1 TIllB
TBB SUN'S Tillle lqu..:tlol1
Somi- ot Time,
ditJll- to be Upper Cul- Bl0D«a.tlon Deo11-
Ilot. Apparent Ditt, S...i- eter SUbtraot m1natiOD Lot. 1,0' nattort
Deolination ror 1 dlam- Pau- ed from
Hour etor ~ J.pparent
!lor, Tillle
OCTOBIR. 1949
. , . . . .
• m • h m h m
+89:01 '
Sat. 1 S. 3 938.4 -58.21 16 0·31 64 10 16.03 111.41.;11. B.B. 7 11.1 P.II. 35.57
Bun. 2 3 32 54.4 58.11 16 0.60 64 10 35.22 1 7.5 7 1.8 35.93
lion. 3 356 7.9 58.00 16 0.88 64 10 54.12 1 3.6 7 3·9 36.30
Tues. 4 4 19 18.6 57.88 16 1.16 64 11 12.70 059.7 659.9 36.67
Wed. 5 44226.2 57.74 16 1.43 64 11 30.94 055.7 656.0 ".04
!hUT. 6 5 5 30.2 57·59 16 1.71 64 11 48.82 o 51.8 6 52.1 37.41
Fri. 7 5 28 30.4 57.42 16 1.99 64 12 6·31 047.9 648.2 37.79
Bot. 8 5 51 26.5 57.24 16 2.26 64 12 23.39 044.0 644.2 38.16
Sun. 9 6 14 18.0 57.05 16 2.54 65 12 40.05 o l.o.o 61,0.3 38.54
1100. 10 637 4.7 56.84 16 2.81 65 12 56.25 o 30.1 636.4 38.92
Tues. 11 6 5946.2 56.61 16 3.08 65 13 11.97 032.2 6 32.5 39.30
Wed. 12 7 22 22.1 56.YT 16 3.35 65 13 27.20 028.3 628.5 39.68
'!'hur. 13 7 44 52.0 56.12 16 3.62 65 13 41.92 o 24.t 624.6 1,0.06Fri. 14 8 7 15.7 55.85 16 3.89 65 13 56.09 020. 6 20.7 1,0.45
Bot. 15 8 29 32.8 55.56 16 4.16 65 14 9.71 o 16.5 6 16.8 40.83
Sun. 16 8 51 42.8 55.26 16 4.43 65 1422.76 o 12.6 6 12.8 41.22
lion. 17 9 13 45.4 54.95 16 4.70 65 14 35.21 0 8.6 6 8.9 41.60
Tues. 18 9 3540.2 54.61 16 4.97 65 14 47.05 0 4.7 6 5.0 41.99
W.d. 19 9 57 26.8 54.26 16 5.23 65 14 58.Z/ 10 0.81.·11.1 1.1. 6 1.0 P.II. 142."11 56.8 P.II. 42.76
Thur. 20 10 19 4.8 53.89 16 5.50 65 15 8.84 11 52.9 W.I. 552.61..11. 43.14
Fri. 21 10 40 33.6 53·50 16 5.77 66 15 18.77 11 49.0 548.7 43053
Sat. 22 11 1 53.0 53·10 16 6.04 66 1528.04 11 45.1 544.8 l2.91Sun. 23 11 23 2.5 52.68 16 6.31 66 15'36.63 11 41.1 540.9
·30
1100. 24 1144 1.6 52.24 16 6.57 66 15 44.55 11 37.2 5 36.9 44.69
Tuell. 25 12 449.9 51.78 16 6.84 66 15 51.77 11 33.3 5 33.0 45.07
Wed. 26 1225 Z/.1 51.31 16 7.11 66 15 68.28 11 29.3 5 29.1 45.46
Thur. 27 12 45 52.6 50.81 16 7.38 66 16 4.09 11 25.4 5 25.1 45.64
Fri. 28 13 6 6.1 50.30 16 7.65 66 16 9.17 11 21.5 5 21.2 46.23
Set. 29 13 26 7.2 49.78 16 7.91 66 16 13.51 11 17.5 5 17.3 46.61
Sun. 30 13 45 55.4 49.24 16 8.17 66 16 17.10 11 13.6 5 13.t 47.00
lion. 31 14 530.5 48.68 16 8.43 67 16 19.93 11 9.7 5 9. 47.38
ROVEIIEIR. 1949
Tues. 1 14 24 52.0 48.11 16 8.69 67 16 21.99 11 5.7 5 5.5 47.T/
Wed. 2 1443 59.6 47.52 16 8.94 67 16 23.26 11 1.8 5 1.5 48.15
Thur. 3 15 252.7 46.91 16 9.19 67 1623.73 10 57.9 457.6 48.53
Fri. 4 15 21 31.1 46.29 16 9.W. 67 16 23.1,0 10 54.0 453.7 48.91
Set. 5 15 39 54.4 45.65 16 9.69 67 16 22.25 10 50.0 449.8 49.29
Sun. 6 15 58 2.2 W.099 16 9.93 67 16 2O.Z/ 10 46.1 445.8 49,(,'
lion. 7 1615 54.0 W..32 16 10.17 67 16 17.46 10 42.1 441.9 50.04
Tues. 8 16 33 29.6 43.64 16 10.40 68 16 13.81 10 38.2 437.9 50.42
Wed. 9 1650 48.5 42.93 16 10.63 68 16 9·30 10 34.3 434.0 50.79
ntur. 10 17 7 50.3 42.21 16 10.85 68 16 3.93 10 3O.t 430.1 51.16 .
Fri. 11 17 24 34.7 41.48 16 11.08 68 1557.71 1026. 426.1 51.53
~t. 12 17 41 1.2 1,0·73 16 11.30 68 15 50.62 10 22.5 422.2 51.90
Sun. 13 17 57 9.5 39;96 16 11.51 68 1542.65 10 18.5 418.3 52.27
lion. 14 18 12 59.1 39.17 16 11.72 68 15 33.82 10 14.6 414·t 52.63ru••• 15 18 26 29.7 38.37 16 11.93 68 15 24.12 10 10.7 410. 53·00
Wed. 16 S.1843 1,0.8
-37 .55 16 12.14 68 15 13.55 10 6.7 P.II. II.B. 4 6.51..11. 53.36
!he alp. ·pretlzed to the hourly ohan«e ot deolination indioate. that {oortthh} deolinations are {dl110r..a1Q.
\ sou earo..a1ng.
The .1191 - prefbed to the hourly ohanle ot declination indioatee that {.°rthUth } deolinatio1ls .re {d1.nore··1n£i •
no ear••• ns.
For t1llle of Eastern BloPiatioD. of Polaris for any date after October 19th. subtraot 5h 55 .. & from the t1me




AZntUTIlll OF POLARIS AT ALL HOUR ANGLES. 1949 CORRECTIONS TO AZ IM1lTRS
Addltt'Vll for
Mean
Time Mean Oeolinat1on -+89"01 '40" Deal. +89'
Hour
Angle 1'30" ] '20" 1'10"
SUbtra.o i '9 It for
Latitude
De.l. '89'
10' 12' 1.4' 16' 18' 20' 22- 21,' 26' 20' 30 ' 1'50" 2'00" 2'10"
h, m , , , , , ,
5 56.8 .... .... .... .... .... . ... .... .... .... 66:i 67.4 0.2 0.4 0.657.0 .... .... .... .... .... .... .... . ... .... .... 0.2 0.4 0.657.1 .... .... .... .... .... .... .... .... 64.9 .... .... 0.2 0.4 0.6
5 57.3 .... .... .... .... .... .... .... ~.9 .... .... .... 0.2 0.4 0.6
57.5 .... .... .... .... .... .... 62.9 .... .... .... .... 0.2 0.4 0.657.6 .... .... .... .... .... 62.1 .... .... .... .... .... 0.2 0.4 0.6
5 57.8 .... .... .... ~:7 61.3 .... .... .... .... .... .... 0.2 0.) 0·557.9 .... .... .... .... .... .... .... .... .... .... 0.2 0.3 0.550.1 .... .... 60.1 .... .... .... .... .... .... .... .... 0.2 0.3 0.5
5 58.2 .... 59.6 .... .... .... .... .... .... .... .... .... 0.2 0-3 0.5
58·3 59.2 .... .... .... .... 63:9 .... .... . ... 0.2 0.3 0.559.0 59.2 59.6 60.1 60.7 61.3 62.1 62.9 64.9 66.1 67.4 0.2 0.4 0.6
6 9.0 59.2 59.6 60.1 60.6 61.3 62.0 62.6 63.8 6J,.~ 66.0 67.3 0.2 0.3 0.519.0 59.0 59.1. 59.9 00.4 61.1 61.6 62.6 63.6 64.6 65.6 67.0 0.2 0.3 0.520.9 58.7 59·1 59.6 60.1 60.8 61.5 62.3 63.2 64.3 65.4 66.7 0.2 0.3 0.5
638.9 58.3 58.7 5 .2 59.7 60.4 61.1 61.9 62.8 63·6 ~.o 66.2 0.2 O.j 0.548.9 57.6 58.2 1~:7 ~:~ 59.8 60.5 61.3 62.2 63.2 .4 ~.6 0.2 0·3 0.558.9 57.2 57.6 .1 59.2 59.9 60.7 61.6 62.6 63.7 .9 0.2 0.3 0.5
7 8.8 56.4 56.8 57·3 57.6 58.4 59.1 59.9 60.8 61.7 62.8 64.0 0.2 0·3 0.516.8 55.6 56.0 56.5 57·0 57.6 58.2 59.0 59.8 60.8 61.9 63.1 0.2 0·3 0.526.8 54.7 5 .1 55·5 56.0 56.6 57.2 58.0 58.8 59.0 60.8 62.0 0.2 0·3 0.5
7 38.7 53.6 54.0 54.4 54.9 55.5 56·1 56.9 57.7 58.6 59.6 60.8 0.2 003 0.548.7 52.5 52.9 53·3 53.8 54.3 54.9 55.6 56.4 57.4 50.4 59.5 0.2 003 0·558.7 51.2 51.6 52.0 52.5 53.0 53.6 54.3 55·1 56.0 57 .0 56·0 0.2 0·3 0.4
8 8.7 49.9 50.2 50.6 51.1 51•6 52.2 52.9 53. 6 54., 55·5 56·5 0.2 003 0.4IB.6 48.4 48.0 49.1 49.6 50·1 50·7 51.3 52.1 52·9 5 .8 54·9 0.1 0.3 0.428.6 46.9 47.2 47.6 48.1 48.6 49.1 49.7 50.4 51.2 52.1 53·1 0.1 0.3 0.4
8 38.6 45.3 45.6 45.9 46.4 46.9 47.4 48.0 !Ill.? 49.5 50.3 51.3 0.1 0.3 0.4
48.6 43. 6 43.9 44.2 44.6 45.1 "5. 6 46.2 46.6 47.6 48.4 49.3 0.1 0.3 0.4
58.5 41.8 42.1 42.4 42.8 43.2 43.7 44.3 44.9 45.6 h6.4 47.3 0.1 0.2 0.4
9 8.5 39.9 40.2 40.5 40.9 41.3 41.8 42.3 42.9 43.6 44.3 45.2 0.1 0.2 0.4
18.5 38.0 30.3 38.6 38.9 3903 39.7 40.2 40.8 41.5 42.2 43.0 o.a 0.2 0.4
28.4 36.0 36.2 '36.5 36.8 37.2 37.6 38.1 38.6 39·3 39.9 40.7 0.1 0.2 0.4.
9 38.4 33.9 34.1 34.4 34.7 35.0 35.4 35.9 36.4 37.0 37.6 38.3 0.1 0.2 0·3
48.4 31.7 31.9 32.2 32·5 32.8 33.2 33.6 34.1 34.6 35.2 35.9 0.1 0.2 0.2
58.4 29.5 29.7 }O.o 30·3 30.6 30.9 31·3 31.7 32.2 32.8 33.4 0.1 0.2 0.2
10 8.3 27.3 27.5 27.7 27.9 28.2 26.5 28.9 29.3 29.8 30.3 30.8 0.1 0.2 0.2
18.3 25.0 25.2 25·3 25.5 25.8 26.1 26.4 26.8 27.2 27.7 28.2 0.1 0.2 0.2
2803 22.6 22.7 22.9 23.1 23.4 23.6 23.9 21•• 3 24.6 25.1 25·5 0.1 0.1 0.2
10 38.3 20.2 20.4 20·5 20·7 20.9 21.1 21.4 21.7 22.0 22.4 22.8 0.1 0.1 0.2
48.2 17.8 17.9 18.0 18.2 18.4 18.6 18.8 19.1 19.4 19.7 20.1 0.0 0.1 0.2
58.2 15.3 15.4 15.5 15.7 15.8 16.0 16.2 16.4 16.7 17.0 17·3 0.0 0.1 0.2
II 8.2 12.0 12.9 13.0 13·1 13.2 13.4 1}.5 13·7 13·9 14.2 1.4.4 0.0 d.l 0.2
18.). 10·3 10·3 10.4 10.5 10.6 10.7 10.9 ll.O 11.2 ll.4 11.6 0.0 0.1 0.1
28.1 7.7 7.7 7.8 7.9 8.0 8.1 8.2 8.3 8.4 8.5 8.7 0.0 0.0 0.0
11 36.1 5.1 5.1 5.2 5·2 5.3 5.4 5.4 5.5 5.6 5.7 5.8 0.0 0.0 0.0
48.1 2.6 2.6 2.6 2.6 2.7 2.7 2.7 2.8 2.8 2.9 2.9 0.0 0.0 0.0
58.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
See footnote ~ gea 18 and 19 tor equation to be employed ywhen Vlllu8a in uoonda are required.
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AZIlIUTHS OF POLARIS AT ALL HOUR AllGLES. 1949 CORRECTIONS TO AZIlIUl1l8
Additive for
NealL
TlJne Mean Deolination +-89·01'4.0" Decl. +89-
Rour





30 ' 32' 34' 36' 38' 40' 42' l,4' 46' 48' SO' 1'50" 2'00" 2'10"
h m , . ,
554.4 .... .... .... .... .... .... .... .... . ... .... 90.8 0.2 0.5 0.8
54.7 .... .... . ... .... .... .... .... .. ... .... 81.2 . ... 0.2 0.5 0.855.0 .... .... . ... .... .... .... .... . ... 84.0 . ... .... 0.2 0·5 0.8
5 55.3 .... .... .. ... .... . ... .... . ... 81.1 . ... .... . ... 0.2 0.5 0.1
55.5 .... .... .... .... .... .... 18.5 .... . ... . ... .... 0.2 0.5 0.1
55.8 .... .... .... . ... .... 16.2 . ... .... .... . ... .... 0.2 0.4 0.6
556.0 .... .... .... . ... 14.0 .... ....
I
.... . ... .... .... , 0.2 0.4 0.6
56.2 .... .... .... 12.1 .... .... . ... .... .... . ... .... 0.2 0.4 0.6
56." .... .... 10.4 .... .... .... .... .... .... .... .... . 0.2 0.4 0.6
556.6 6';:4 60.0 .... .... .... .... .... .... .... .... .... 0.2 0.4 0.656.8 68:fi .... .... .... ';6:i .... .... ... a • . ... . ... 0.2 0.4 0.659.0 67.4 10.4 12.1 14.0 18.5 81.1 84.0 8',.2 90.1 0.2 0.4 0.6
6 9.0 6103 68.1 10·3 12.0 13·9 16.0 16.4 81.0 83.8 87.0 90.6 0.2 0." 0.619.0 61.0 68.5 10.0 11.1 13.1 15.8 18.1 80.7 83·5 06.1 90.2 0.2 0.4 0.6
28.9 66.1 68.1 YJ.1 11.4 13·3 15.4 11.1 80.2 03.1 86.2 89.1 0.2 0.4 0.6
638.9 66.2 61.6 69.2 10.9 12.1 14.8 17.1 19.6 82.4 05.6 8').0 0.2 0.4 0.64B.9 65.6 61.0 68.5 10.2 12.1 74.1 16.4 18.9 81.1 84.8 88.2 0.2 0.4 0.6
58.9 64.9 66·3 61.8 6<;.4 11.} 13·3 15.5 18.0 80.1 83.8 81.2 0.2. 0.4 0.6
1 8.8 64.0 65.4 66.9 68.5 '/O.} 12.3 14.5 17.0 19.1 82.1 86.0 0.2 0.4 0.6
18.8 63.1 64.4 ~.9 67.5 6<;.2 11.2 13.4 15.8 10.4 81.4 84.1 0.2 0.4 0.620.8 62.0 63.3 .1 66·3 68.0 10.0 12.1 1".4 11.1 80.0 83.2 0.2 0.4 0.6
1 38.1 60.8 62.1 63.5 65.0 66.1 68.6 10.1 13.0 15·5 18.4 81.5 0.2 0.4 0.6
48.7 59.5 60.1 62.1 63.6 65.3 61.1 YJ.l 11.4 13.9 16.1 19.1 0.2 0.4 0.6
58.7 58.0 59·3 60.6 62.1 63.7 65.5 61.5 &:1.1 12.1 14.8 17.8 0.2 0.4 0.6
8 8.1 56.5 51.1 5 .0 60.4 162.0 63.7 65.1 67.8 10.2 12.8 15.1 0.2 0.4 0.6
18.6 5J.,.9 5G.o 57·3 58.6 60.2 61.9 63.1 65.8 68.1 10.6 13.5 0.2 0.4 0.62 .~, 5}.1 51•• 2 55.4 56.8 58·} 59.9 61.1 63.1 65.9 68.4 71.1 0.2 0.4 0.6
8 36.6 51·3 52.3 53·5 51;.8 56.2 57.8 59·5 61.5 63.6 66.0 68.6 0.2 003 0.5
48.6 49.3 ~.I, 51.5 52.1 54.1 55.6 57.3 59.1 61.2 63·5 1:1>.0 0.2 0.3 0.5
58.5 41.3 ·3 49.4 SO.5 51.9 53.3 54.9 56.1 58.6 60.8 63.} 0.2 003 0."
9 8.5 45.2 46.1 41.1 1,B.3 4 .5 50·9 52.4 54.1 56.0 50.1 60.4 0.2 0.3 0.4
18.? 43.0 43.9 44.8 4 .9 i{1.l 48.1, 49.9 51·5 53·3 55.2 57.4 0.1 0·3 0."
28.4 40.1 41.5 42.5 43.5 l,4.6 45.8 41.2 46.1 50.4 52.3 54.4 0.1 0·3 0."
9 38.4 30.3 39.1 40.0 40.9 42.0 43.2 44.5 45.9 41.5 49.2 51.2 0.1 0·3 0.4
48.4 35.9 }6.6 37.4 3 .} 39.3 40;4 41.6 43.0 l,4.5 46.1 41.9 0.1 0.2 0.4
58.4 33.4 34.1 3"·8 35·1 36.6 31.6 38.1 40.0 41.4 42.9. l,4.6 0.1 0.2 0·3
10 8.3 30.0 }1.5 32.2 32.9 33.8 34.1 35·8 36.9 38.2 39.6 41.2 0.1 0.2 003
18.3 28.2 2e.8 29.4 30.1 30·9 31.8 32.1 33·8 34.9 36.2 31.1 0.1 0.2 0.2
28.3 25.5 26.1 26.6 'C1.3 28.0 26.8 29.6 30.6 31.6 32.8 34.1 0.1 0.2 0.2
10 38.3 22.8 23.3 2}.8 ?.l,.4 25.0 25 •.1 26.5 2'/.3 28.3 29.3 30.5 0.1 0.2 0.2
48.2 20.1 20., 20.9 21.4 22.0 22.6 23·3 24.0 24.8 25.8 26.8 0.1 0.1 0.2
58.2 11·3 11.6 18.0 lB." 18.9 19.4 20.0 20.7 21.4 22.2 2}.0 0.0 0.1 0.2
11 0.2 14.1, 14.7 15·1 15.4 15·8 16·3 16.7 11·3 11·9 18.5 19·3 0.0 0.1 0.2
18.1 11,1_ 11.0 12.1 12.4 12.1 13.0 13.4 1}.9 14.3 14.9 15.5 0.0 0.1 0.1
20.1 0.1 8.9 9.1 903 9.5 9.8 10.1 10.4 10.8 11.2 11.6 0.0 0.0 0.0
11 38.1 5.8 5.9 6.1 6.2 6.4 6.5 6.1 1.0 1.2 1.5 1.8 0.0 0.0 0.0
48.1 2.9 3·0 3.0 3·1 3.2 3.3 3.4 3·5 3.6 }.7 }.9 0.0 0.0 0.0
50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T&n A a
sin t
cos ~ tan 5 - sin r.p cos t
The produo't "sin <p C08 t" 18 BubtraotiVd for hour anfjles
o· to 90- and additivtl f'or hour Ilnglea from 90- to 100·.
APPENDIX B
Class Problem.
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Line starts at U. S. G. S. standard Stone tablet, marked 1946,
described as follows: Stone - Phelps County, Rolla, Missouri, Campus
of Missouri School of Mines, Southwest corner of Athletic field,
inside cinder track, about 100 feet northeast of Kappa Alpha Fraternity
House, directly behind and north of Harris Hall. Thence in a westerly
direction on 14th Street, approximately 1500 feet, to Pin #1, steel
rod, 1100 feet due west of Highway 66, along south side of Nagogami
Road (Phelps County Route "e") at the intersection of Nagogami Road
and Nagogami Courts; 105 feet southeast of 12" Oak tree; 61 teet south-
east of west sidewalk; 55 feet southwest of east sidewalk; on filed
cross in steel rod one inch below ground level.
From Pin Ill, proceed in a westerly direction, approximately'
2800 feet, to Pin #2, steel rod, .75 miles west of Highway 66 at "I"
intersection of Nagogami Road and gravel road; former turns sharply
North; 9 feet vest of 9" Oak tree; 38 feet southeast of 16" Oak tree;
on filed cross in steel rod driven level W'ith ground.
From Pin #2, proceed. in a northerly direction, approximately
2200 feet, to Pin #3, steel rod, .5 miles northwest of station II
along the east side of Nagogami Road; in front of property of W. Gable;
14 feet southwest of centerline of Nagogami Road; 48 feet northea.st of
power pole; 62 teet southeast of telephone pole; on filed cross in
steel rod driven level with ground.
From Pin #3, proceed in a northerly direction, approximately
2100 feet, to Pin #4, End of line, 1.2 miles northwest of station II
at a three road intersection, on triangular strip between the two
gravel roads; 21.5 feet northeast of Route "Ell marker; 9 feet south-
east of 8" Oak tree, on filed cross in steel rod driven level vith
ground.
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Tra.verse starts from. U.S.G.S. Bench Mark-Azimuth Stone marked 1946, described a.s follo\ls: Stone - Phelps
County, Rolla, Missouri. Campus of Missouri School of Mines, Southwest corner of Athletic field, inside cinder
track, about 80 feet northeast of Kappa Alpha FraternitY' House, directly behind and north of Harris Hall.
Azimuth to Triangulation Station, M.S.M.-2, standard tablet on parking lot at Dormitory A.
Station Ho. Stadia Vernier Vernier Mean Den. Azimuth Dist. Temp.
Dist. A B Angle (ft.) OF
Instrument on station 0 • U.S.G.S. Bench Mark (see description for location
backsight on Triangulation station for Azimuth observation.
360 05' 4)."by observation
B.M. ocP 00' 00" 1800 00' 00" 000 00' 00·
sta. NO 41 47 00 221 47 00 41 47 00 410 47' 00"
83 34 00 263 34 00 83 34 00 41 47 00 38
194 + 41 47 00 7~ 52' /#." 193.10 44
sta. III 83 34 00 263 34 00 83 34 00
95 08 00 Z75 08 00 95 08 00 11 34 00
106 42 00 286 42- 00 106 42 00 11 34 00 34-
397 + II 34 00 890 26' 4:1" 395.03 40
sta. 112 106 42- 00 286 42 00 106 42 00
105 03 00 285 03 00 105 03 00 1 39 00
103 24 00 283 24- 00 103 24 00 1 39 00 31
1090
-
1 39 00 erfJ 47' 41" 1090.50 42
Station 2 and 20 feet South arxi 34 feet West, Inter-
section of Highway #66 and 14th Street.
Sta. #3 103 24 00 283 24 00 103 24 00
106 13 00 286 13 00 106 13 00 2 49 00
109 01 00 289 02 00 109 01 30 2 ItS 30 13
2320 to 2 48 45 90° 36' 26" Z318.40 f:IJ
Page Check 2/ 109 01 30
54 30 45
Observed Azimuth 36 05 41 (D
90° 36' 261t UI
'!'RANSIT NOTES
station No. Stadia Vernier Vernier Mean Den. Azimuth Dist. Temp.
Diet. A. B Angle (ft.) OF
Carried over Azimuth from last p:&.ge 900 36 1 26n
Sta. #4 1090 01' 00" 2890 02' 00" 1090 011 30n
Pin 112 161 12 00 341 13 00 161 12 30 520 III 00"
2.l3 24 00 33 23 00 2.l3 23 30 52 11 00 o<t
460 ... 52 11 00 1420 47 I 2(," 459.50 60
142 47 09 by observation
Sta. #5 213 24 00 33 23 00 2.l3 23 30
215 58 00 35 58 00 215 58 00 2 34 30
218 33 00 3B 33 00 21B 33 00 2 35 00 e.a Oe.
450 of- 2 34 45 145 21 54 451.10 60
Sta. #6 218 33 00 38 33 00 21B 33 00
215 ,0 00 35 50 00 215 50 00 2 43 00
2.l3 06 00 33 07 00 213 06 30 2 Q 30 55"
1305
-
2 43 15 142 38 39 1304.22
sta. If7 213 06 00 33 07 00 213 06 30
Pin #3 214 25 00 34 25 00 214 25 00 1 18 30
215 44 00 35 44 00 215 44 00 1 19 00 46
955 +- 1 IB 45 143 57 24- 954.96
Sta. #B 215 44 00 35 44 00 215 4400
218 16 00 38 16 00 218 16 00 z 32 00
220 48 00 40 47 00 220 47 30 2 31 30 4-0
1146 ... 2 31 45 146 29 e9- 1147.00 60
146 29 40 by observation
sta. #9
Pin #4 END OF LINE Page Check 2/220 47 30
110 23 45
Observed Azimuth 36 05 ~146 29
Correction from 2nd Azimuth - 17
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Instrument on B. M.
Latitude 370 57' 15" North
Longitude 910 46' .30" West
l-lednesda.y April 6, 1949 (Wed)
Rod on U. S. Triangulation
station
Watch 11 seconds slow
Rod .3160 05.0'
star (D) 278 46.0
n 278 45.9
n 278 45.9





Declination 890 01' 34.46"








7 14 33 Mean watch time
- 11 Watch correction
7 14 44 Mean watch time corrected
- 7 06 Longitude correction
7 07.38 !coal mean time (P.M.) of observation
o 48 38 Upper culmination with correction



























From south to true north
Azimuth of Polaris
Average of rod angles
Average of star angles
Azimuth of 11ne from





Instrument on station 4 (Pin #2)
Latitude 370 57 1 15" North
Longitude 910 46' 30" West
Wednesday .April 13, 1949
Rod on station 5
Watch 20 seconds fast
eclination 90 01' 34,46"
Rod 000 00' OOlt
Star (D) 36 03 00
It 36 04 00
It 36 05 00
Star (I) 216 03 30
• 216 04 00
"
216 04 00
Rod 180 00 00







6L 42 285 204
7h 48m 04s Mean Watch Time (p ,M, )
-20 Watch correction
7 47 44 Mean Wa.tch Time corrected
-7 06 Longitude correction
7 4D 38 Local mean time (P.M.) of obs.
0 20 06 Upper culmination with corr.
7h 2rP 32s Hour angle after upper culm.
Lat. 360 37.95 380
H.A.
7 18 .80 67.50 69.20
7 20 .53 67,30 68.26 69.00
7 28 ,80 66.30 68.00
Declination correction
89 01 30 = 0.20
89 01 34.46 • 0.11












From south to true North
Azimuth of Polaris
Average of star angles
Average of rod angles
Azimuth of line




Instrument on station 9 (Pin #4)
tati tude 370 57' 15" North
Longitude 910 46' 30" \.J'est
Wednesday April 13, 1949 (Wed)
Rod on station 8
Watch 20 seconds fast
Rod 000 00' 00"
Star (D) 147 31 00
" 147 31 00
"
147 31 00









8 10.80 60.00 61,40
8 18,60 58.60
Declination correction
89 01 30 • 0.2
89 01 34.46 =0.1
89 01 40 =0.0
Declination._-...;;;..L.--=;"""'O~...... _








8 38 18 Mean vatch time (P.M.)
- 20 Watch correction
8 37 58 Mean 'Watch time corrected
- 7 06 Longitude correction
8 30 52 Local mean time (:PM) observation
o 20 06 Upper culmination with correction
8 10 46 Hour angle after upper culmination
62.00
61,40 1 01' 24"
t 06 Declination correction
60.20
1 01 30 West of North
180 00 00 From south to true north
178 58 30 Azimuth of Polaris
00 00 00 Average of rod angles
178 58 30
1/147 31 10 Average of star angles
326 29 40
- 180 00 00
146 29 40 Azimuth of line from




LATITUDES, DEPARTURES, AND SUMS
B. M. to Station 2 f
(/ .20990 x 193.10) / (I .00960 x 395.03) - 20 ft. offset =
- 54.324 Latitude
(/ .97772 x 193.10) 1 (/ .99995 x 395.03) / 34 ft. offset ~
/ 617.808 Departure
(/ .76782 x 193.10) 1 (I .99035 x 395.0) / 14 ft. offset =
.;. 553.484 Sum
station 2 / to Pin # 1
/ 20 ft. offset 1 (- .03&39 x 1090.50) =- 21.864 Latitude
-34 ft. offset / (/ .99926 x 1090.50) = 1 1055.693 Departure
- 14 ft. offset 1 (I .96087 x 1090.50) • / 1033.829 Sum
Pin # 1 to Pin # 2
(I .01047 x 2318.40) : ,I. 24.275 Latitude
(I .99995 x 2318.40) =.;. 2318.284 Departure
(/ 1.01042 x 2318.40) : / 2342.558 Sum
Pin # 2 toPin # 3
(.;. .79635 x 459.50) / (I .82281 x 451.10) / (/ .79494 x 1304.22) =
1 1773.869 Latitude
(I .60483 x 459.50) 1 (.j. .56832 x 451.10) 1 (I .60668 x 1304.22) =
.;. 1325.532 Departure
(.j. 1.40118 x 459.50) f (.j. 1.39113 x 451.10) ,I. (/ 1.40162 x 1304.22) =
1 3099.401 Sum
Pin # 3 to Pin #4
(.j. .80867 x 954.96) .j. (,I. .83389 x 1147.00)= / 1728.719 Latitude
(.;. .58826 x 954.96) 1 (.;. .55194 x 1147.00) =f 1194.840 Departure
.;. 1.39693 x 954.96) .;. (I 1.38583 x 1147.00) =1 2923.559 Sum
lATITUDE AND LONGITUDE
STATE: Missouri
COMPUTOR: D. Parri sb
PARTY NO. :_--=1=-- _
92
QUADRANGLE:_._R:.:,::o;.::l::la=- _
CHECKER: J. E. Ballew
DATE: May 20. 1949





"B. M. 37 57 15.00 91 46 30.00
12 688
-0.63 !-7.71
2!- -64.3~ -617.~Qi f553.484 37 57 14.37 91 46 37.71
Hwy 66
0 487 -0.22 f13.18
Pin #1 -21.864- !-1055.~ !-1033.829 37 57 14.15 91 46 50.89
69 ';'0.24 f2 .94
Pin #2 .,l24.274 f2318.2i4 .,l2342.558 37 57 14.39 91 47 19.83
58 23 f17.54 !-16.55
Pin #3 ,t1773.849 .,l1325.5~ f3099.401 37 57 31.93 91 47 36.3
08 32 ';'17.09 . !-14.92
Pin #4 !-172 .7.9 ';'1194.B.4Q .,l2923.559 37 57 49.02 91 47 51.30
END
37 57 15.00 91 46 30.00
Compu-
/-34.02 .j.l 21.30tation /-3440.668 /-6511.799 ';'9952.467
Check 37 57 49.02 91 47 51.30
Figure 17
Front tapelll8Jl, plumbing and
using 8. spring balance
Figure 18
Rear tapeman, holdiDg leo-foot
mark of tape at taping pin
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Figure 19
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VITA
Edward John Ki..mm.ick was born on January 18, 1919, at Cleveland,
Ohio the SQn of Joseph C. and Victoria Kimmick.
His early education was received in grade school and high Ichool
at Cleveland, Ohio. He entered the Ohio State University in October,
1937. He left the Ohio State University in 1940, to accept a position
with the Austin Construction Company at 'dland, Michigan, as an
insulator.
He wss with the Austin Construction Company for a period of two
years until August, 1942, at which time he enlisted in the United
states Naval Construction Battalion Unit. At this time he .aarried
Ruth, the daughter of 'nlomas and. J1sBie Richard. of Cleveland, Ohio.
In October, 1942, he was called to sctive duty with the United
states Construction Battalion Unit in the ~nk of Seaman first class,
and assigned to the 36th Battalion. This unit took active part in
the Solomon Islands and Okinawa campaigns. He BaW duty in the South
Pacific and returned to the United States in April, 1945. He was
sent to the University of Pennsylvania in June, 1945, and thence to
Cornell University in August, 1945, to attend Midshipmen's School.
He attended Midshipmen' 8 School until September, 1945, when he
returned to civilian life.
In October, 1945, he reentered the Ohio State University and
graduated in March, 1947, with a Bachelor's Degree in Civil
magineering •
Atter graduation he accepted employment with the Cuyahoga County
Engineer as a chief draftsman, and was with the firm for about five
months.
In &eptember, 1941, he entered the ~uBsouri School of Mines for
graduate work in Civil Engineering and at the same time he accepted a
full time position a8 Instructor in Civil Engineering.
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